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FOREWORD 


This  report  describes  tiie  detailed  solution  of  a  difficult  theoretical  problem  which  is  directly  related  to  an  Air 
Force  radar  system  currently  in  development.  The  system  is  the  AN/TPN-19  Landing  Control  Central  and  more 
specifically,  the  Precision  Approach  Radar  (PAR)  for  that  system.  The  research  was  accomplished  under  Job  Order 
404L0004, 


It  has  been  known  for  many  years  that  when  a  typical  radar  is  operated  in  an  anti-clutter  or  Moving  Target 
Jnuicator  (Mil)  mode,  its  detection  performance  drops  witli  respect  to  that  obtained  in  a  normal  scan  mode  for  the 
same  radar.  Even  though  the  existence  of  this  loss  in  detection  performance  was  known,  the  closed-form  theoretical 
solution  and  precise  quantitative  effects  have  not  been  carried  out  or  published  to  date. 

The  main  body  of  this  report  is  a  very  careful  delineation  of  the  problem  and  the  development  of  a  rigorous 
closed-form  solution  which  yields  quantitative  results.  This  method  can  be  adapted  to  provide  quantitative  results 
for  numerous  other  radar  problems. 

This  report  has  been  reviewed  by  the  RADC  Information  Office  (01)  and  is  releasable  to  the  National  Technical 
Information  Service  (NT1S). 
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ABSTRACT 


The  purpose  of  this  report  is  to  determine  the  receiver  operating  characteristics  of  the  AN/TPN-19  PAR  Air 
Force  radar  in  some  of  its  operating  modes.  The  scan  mode  and  the  coherent  MTI  (Moving  7'arget  /ndicator)  mode 
will  be  considered  for  the  case  when  the  received  target  signal  is  corrupted  by  white  Gaussian  noise  only.  The  MTI 
loss  (the  increase  in  signal-to-noise  ratio  required  for  the  same  detection  performance  when  switching  from  the 
scan  mode  to  the  MTI  mode)  is  also  determined  and  discussed.  Methods  for  improving  the  MTI  performance  are 
given  and  evaluated. 


ACKNOWLEDGEMENT 


The  author  is  indebted  to  the  following  individuals  for  contributions  to  this  report:  Clarence  F.  Silfer  and 
Franklin  C.  Bradley  who  provided  an  in*depth  understanding  of  the  system  and  the  problems  involved;  and  Sgt. 
Eugene  Bromley  for  writing  the  programs  used  in  obtaining  tire  data  contained  herein. 


TABLE  OF  CONTENTS 


Introduction 


.  Page 


1 


Scan  Mode 


1 


Computer  Results  for  Scan  Mode .  3 

Coherent  MTI  Mode . . .  3 


Velocity  Dependent  Signal  On  Beam  Center .  3 

Derivation  of  Signal  To  Noise  For  Given  Probability  of  Detection . . .  7 


Example:  Tiireshold  Computation  . .  7 

Composite  Detection  Probability  Over  Position  and  Velocity . .  .  9 

Computer  Results  ,  ,  . .  .  .  10 

Conclusions  ,  . . . .  . . .  . . .  12 

References  .  . . . . . . .  14 

Appendix  A  .  .  .  . . . , . . A-l 

Introduction  . . . . . . .  .  .  .- . . . .  A-l 

Derivatica  of  Probability  Density  Function . .  . . ...A-2 

Determining  lire  Threshold  for  False  Alarm  ,  .  ,  - . . . .  A*2 

Detection  Probability  . . . . . . .  . . A-2 

Computational  Results  and  Checking  with  Other  Results . . . . . A-S 

References . . . . . . . . . .  A-9 

Appondlx  8  . . . . . . .  .  . . . . .  8-1 

Appendix  C  . . . . . .  C-l 


LIST  OF  FIGURES 


Figure  No.  Title 

1  Relative  Beam  Positions  of  PAR . 

2  “I  Only”  Receive  Channel . 

3  Four  Receiver  Models . 

4  Combination  of  Dual  Channels . 

Appendix  A: 

A-l  M  Channel  MN  Pulse  Combiner. . . 

A*2  Probability  of  Detection  for  Six  Block  Correlated  Pulses  . . 

A-3  Probability  of  Detection  for  Thirty  Block  Correlated  Pulses 


INTRODUCTION 


The  TPN-19  PAR  has  primarily  three  modes  of  operation:  a  scan  mode  employing  post  detection  integration,  a 
coherent  MTI,  and  a  noncoherent  MT1  mode  both  of  which  use  a  non-recursive  2-pulse  delay  digital  canceller.  The 
modes  differ  to  the  extent  the  received  signal  is  processed.  This  report  will  cover  the  performance  of  the  rcan  and 
coherent  MTI  mode  when  the  signal  is  corrupted  by  thermal  noise  only.  The  signal-to-noise  ratio  that  is  required  for 
various  detection  probabilities  will  be  determined. 

The  radar  scans  the  coverage  with  a  raster,  transmitting  six  pulses  per  beam  position.  Each  beam  overlaps  in 
coverage  with  adjacent  beams  so  that  the  target  may  be  detected  in  one  or  more  of  these  beams  during  a  single  scan. 

The  probability  that  a  target  is  detected  is  equal  to  the  probability  that  the  received  signal  crosses  a  set  threshold 
in  at  least  one  of  the  beams,  adjaceut  or  otherwise.  This  detection  criteria  applies  to  all  tliree  modes  of  operation. 

For  the  scan  mode  all  six  pulses  per  beam  position,  each  three  at  an  independent  center  frequency,  are  received 
through  separately  tuned  receivers,  square  lav,  detected,  and  Integrated.  The  sum  of  these  six  pulses  represents  a 
variable  which  is  tested  against  a  threshold  and  accepted  or  rejected  as  a  target. 

For  the  coherent  Mil  mode,  six  pulses  are  transmitted  per  beam  position,  each  three  at  an  independent  center 
frequency.  These  are  received  through  two  receiver  -lurmeis  each  tuned  to  the  appropriate  center  frequency.  Each 
group  of  three  received  pulses  are  video  detected,  i.e,,  down  converted  to  zero  IF,  passed  through  a  three-pulse 
canceller,  gated,  and  then  made  positive  by  squaring  or  taking  its  absolute  value.  These  outputs  of  the  two  receiver 
channels  are  added  and  this  sunt  is  tested  against  the  threshold.  The  adjacent  beam  operates  in  like  manner  except 
the  PRFof  the  six  pulses  is  different  and  the  center  frequencies  are  also  different.  The  different  PRF  has  the  effect 
of  avoiding  blind  speeds  since  the  target  will  always  appear  in  the  visible  portion  of  the  spectrum  in  at  least  one  of  the 
beams.  The  additional  independent  frequencies  provide  (he  system  with  diversity  gain. 

Wlicn  the  second  raster  scan  takes  place,  the  FRF  and  frequency  occur  at  alternate  beam  positions.  The  scanning 
cycle  is  then  considered  complete. 

In  tltls  report  the  performance  of  the  scan mode  and  the  coherent  MTI  mode  are  each  evaluated  and  a  comparison 
is  nude  at  to  their  relative  performance.  Also  evaluated  herein  is  the  performance  of  the  MTI  mode  if  the  received 
signal  were  to  be  vkico  detected  in  both  the  in-phase  and  the  quadrature-phase  channel,  u,,  "1*  t  Q*.*'  (Note;  The 
present  AN/TPN-I9  PAR  processes  the  in-phase  channel  only;  “S  Only"). 

We  siuli  llm  evaluate  the  scan  mode. 

SCAN  MODts 

When  the  system  is  operating  in  the  scan  mode,  truce  pulses  are  received  at  each  of  two  independent  frequencies. 
These  tlx  pulses  arc  each  square  law  detected  and  video  integrated.  The  target  is  assumed  to  be  a  Swotting  Case  I*  at 
any  one  frequency.  Thus  each  beam  position  gives  a  total  of  six  square  law  detected  signals  containing  two 
independent  Rayleigh  samples.  The  probability  density  function  of  the  output  variable,  Y,  and  the  probability  of 
detection  i$  derived  in  Appendix  A. 

We  assume  that  the  target  is  located  anywhere  within  a  beam  with  uniform  probability  and  that  the  beams  overlap 
as  shown  in  Figure  d.  We  determine  a  composite!  *  1  detection  probability  by  first  determining  the  conditional 
probability  of  detecting  the  target  in  either  of  the  beams  at  some  particular  target  location.  Next  we  average  the 
detection  probability  throughout  aU  locations  within  Uw  coverage.  This  cart  be  done  my  effectively  by  determining 
the  detection  probability  at  each  of  ten  (10)  points  within  the  triangle  of  symmetrical  coverage  shown  In  Figure  I 
and  averaging  the  results. 

•A  Swelling  Case  I  target  has  a  slow  fluctuating  Rayleigh  distributed  return. 
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Figure  t.  Relative  8eaar  JVstUioru  of  PAR 

Since  the  output  variable,  V,  it  dependent  on  beam  {volition,  L,  and  latgct  location,  0,  we  denote  the  conditional 
detection  probability,  i,e„  that  the  output  variable  Y  crossed  the  tiiretkold  y  of  beam  L  by  h  (Y>  yl#,  Hj) 
N^Jte  that  v^ocity  dependence  docs  not  apply  fm  the  scan  mode. 

the  ptewabiiity  that  a  target  U  detected  in  at  least  one  of  lire  K  beams,  Le.,  either  in  beam  A,  ot  B,  or  C,  etc,  or 
any  combination  thereof  is 

•  Ml  (Y>*i*.h,)|  J»  -*W*h, (V> . 

— 1 1  *  5*ot.K  t  ^  H  <Y>  <»> 

provided  that  the  return  signal  front  each  bom  it  independent. 


•The  symbol  Hj  refers  to  hypothetic  I,  Le„  the  target  is  present.  Likewise  lt0  refers  to  the  target  is  not  present. 
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where  the  pill  ol  target  location  is  assumed  to  he  discretely  uniformly  distributed. 
COMPUTER  RESULTS  FOR  SCAN  MODI: 


(2) 


In  computing  the  position  and  beam  dependent  probabilities  of  detection  the  amplitude  weighting  factors 
OA(0, 0 B(f ), . . .  and  GL(i)  for  position  i  and  beam  A,  B, . . .  and  L,  respectively,  were  provided  by  the  contractor, 
Raytheon  and  are  shown  listed  in  Table  1.  In  the  scan  mode  beams  E,  F,  G,  and  H  are  redundant  in  space  coverage 
but  occur  one-half  second  later.  Foliation  (2)  was  computed  for  the  values  of  false  alarm  and  signal-to-noise  ratio 
in  dB  as  indicated.  Several  beam  combinations  arc  shown.  The  values  arc  given  in  Tables  11  through  IV.  The  detection 
probability  for  the  target  located  at  the  center  of  beam  “A”  and  “A  and/or  F.”  is  shown  in  Tables  V  and  VI 
respectively. 

COHERENT  MT1  MODE 


In  order  to  keep  the  terminology  simple  in  the  derivations  of  the  probability  density  functions  for  the  different 
receiver  models  to  be  evaluated,  beam  center  values  and  velocity  dependent  target  signals  will  be  used.  The  situation 
will  be  generalized  for  position,  velocity,  and  beam  averaging  later  in  the  report. 

VELOCITY  DEPENDENT  SIGNAL  ON  BEAM  CENTER 


rhe  received  signal  is  assumed  to  be  a  SwcrlingCasc  1  waveform  with  the  further  condition  that  a  random  bit 
correlated  phase  is  present  from  pulse  to  pulse  in  any  three  pulse  bu.sts.  The  phase  is  modu'ated  by  the  target  radial 
velocity.  The  signal  is  corrupted  by  white  Gaussian  noise  with  power  spictral  density  N0/2. 


For  a  single  pulse  the  RE  received  signal  may  be  written  l1 1 . 

II I :  r(/>  =  v  \/E rcct|_L|cos  [wu  +  wj)  /  +  0  Jr-  w(f) 
when  a  target  is  present,  i.c.,  hypothesis  11  j  holds,  and 

ll„:  r(/)  =  w(/) 


(3-A) 


(3-B) 


when  there  is  no  target  present. 

Wc  know  that  for  a  Swcrlicg  Case  1  target  the  amplitude  v  in  Equation  (3)  has  a  Rayleigh  distribution  and  the 
phase  0  has  a  uniform  distribution.  The  function 

s/Z  rcct  (3) 

corresponds  to  the  waveform  envelope  and  is  normalized  so  that  the  energy  in  the  received  signal  is  v-.  The  quantities 
wQ  and  wj  represent  the  RF  center  frequency  and  the  doppler  frequency,  respectively,  and  the  function  w(f)  is  white 
Gaussian  noise  present  in  the  receiver. 

After  the  received  signal  is  sufficiently  amplified  above  the  noise  level  of  subsequent  stages  it  is  eventually  down 
converted  (see  Figure  2)  by  the  following  normalized  operation. 


r0-  J*  tt/)v/^-*cos  w0;dr 


H  j :  r0  =  v  cos  6  +  n0:  wj  r  <  <  1 


H0-  w 


It  can  be  shown  tliat  when  v  is  Rayleigh  with  E  [  ]  =  2o?  and  when  the  noise  II  w(7)  I  is  Rayleigh  with 

E  [  I  w- 1  J=  N0  then  v  cos  6  is  Gaussian  with  variance  u  |  and  n0  is  Gaussian  with  variance  N0/2.  Since  w (?)  is  a 
nairow  band  white  Gaussian  process  with  power  spectral  density  Nq/2,  the  envelope  I  w(/)  1  is  Rayleigh  with 
i:  1 IW2 1  J=N0. 

It  also  can  be  shown  that  the  preceding  pulse  takes  on  the  foim 


and  the  preceding  pulse 


r.j  -  v  cos  (-w^T  +  0)  +  n.j 


rj  =  v  cos  (w^  T  +  6)  +  n-p 


The  variables  n.-p,  n0,  n-p  are  eacii  independent. 

When  each  variable  r  j  occurring  at  time  it  is  fed  through  the  tliree-pulse  canceller  having  an  impulse  response 

h(r)*-6(r  +  T)+2S(r)-8(r-T)  (4) 

then  the  resulting  variable  at  the  output  of  the  canceller  at  the  time  the  last  variable  t\  is  feeding  the  Input  can  be 
written 

Hi.  r !i  4  sin^  I  — v  cos  0  -  n.r  +  2nn  •  ot 


H  j ;  r  ~  4  sinz  (  — =— )  v  cos  0  -  n.'p  +  2n0  •  n j 

\  2  /  .  (5 

H0:  r  =  -n.j  +  2n0  ■  n+y 

where  the  noise  terms  may  be  grouped  into  a  single  term,  n,  with  variance  3N0  and  the  variance  of  the  signal  at  the 
output  of  the  canceller  is  16  sin**  (wcjT/2)  os.  Both  these  terms  are  zero  mean  Gaussian  random  variables. 

dn  the  system  under  analysis  the  output  of  the  canceller  is  gated  on  during  the  interpulse  period  immediately 
following  the  >hirdjrtput  pulse.  Therefore  the  obsen-od  variable  under  each  hypothesis  is  zero  mean  Gaussian  with 
po,  as  follows 


SVl«'d.H1(Rlfld’Hl>*  exP 


(■#) 


Pr>H0(RlH0)” 

0  s/Ttr 


L_  exp 

\  2o02  / 


will' 10 


•> 


li»  sin4  (Vlijl)  ns-  -t  3N() 


"o"  =  4No 


unit  os-  is  the  mean  square  signal  returned  from  the  target  seattercr  in  one  Gaussian  channel,  (v  cos  0).  This  channel 
will  also  he  referred  to  as  the  “1  Only"  channel,  as  shown  in  Figure  2. 


COS  (O0jt 


Figure  2.  “1  Only”  Receive  Channel 

The  canceller  output  of  each  frequency  diverse  channel  has  identical  probability  density  function  and  is 
independent  of  any  other  channel.  Two  different  interpulse  periods  arc  each  shared  by  each  group  of  two  frequency 
diverse  channels. 

The  channel  shown  in  Figure  2  is  the  basic  coherent  correlator  followed  by  a  gated  MTI  thice-pulse  canceller. 

The  output  variable,  r,  may  be  combined  with  the  output  variables,  r,  of  other  channels  in  several  ways,  each  giving 
different  levels  of  performance  as  will  be  shown  later.  Four  different  configurations  for  combining  the  variables,  r, 
are  shown  in  Figures  3-A  through  3-D. 

Figures  3-A  and  3-B  show  "I  Only”  processing  of  two  frequency  independent  MTI  channels,  3-A  representing 
envelope  detection  and  3-B  representing  square  law  detection  of  the  Gaussian  variables,  r,  from  the  output  of  the 
three-pulse  canceller.  Fach  configuration  represents  six  received  pulses,  three  for  1 1  and  three  for  li,  respectively, 
at  a  particular  intcrpulse  interval,  T^. 

F  igures  3-C  and  3-D  show  I  and  Q  processing  of  the  two  frequency  independent  MTI  channels  in  the  same  manner 
as  in  f  igures  3-A  and  3-B. 

Alter  applying  the  test  statistics,  to  a  threshold  and  thereafter  to  a  scope,  a  second  statistic,  V|;,  processed  in 
an  identical  fashion  from  two  other  MTI  channels  having  different  independent  frequencies  and  a  different  intcrpulse 
interval,  Tj:,  is  also  thrcsholdcd  0.5  seconds  later.  This  second  statistic  accounts  for  six  more  received  pulses  so  that 
a  total  of  twelve  pulses  are  processed  before  the  sequence  repeats  itself.  A  target  at  beam  center  will  be  indicated  at  the 
scope  if  cither  or  or  both  are  above  the  threshold.  (Sec  Figure  4.) 
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DERIVATION  OF  SIGNAL-TO-NOISE  FOR  GIVEN  PROBABILITY  OF  DETECTION 

Let  us  start  the  derivation  with  the  probability  density  function  of  the  gated  output  from  the  canceller, 
equation  6.  After  performing  the  transformations  appropriate  for  the  block  diagrams  of  Figure  3,  we  have  the 
probability  density  function  of  Cj,  (the  details  of  this  analysis  are  found  in  Appendix  B)  is 

•»»  f^l  [,'erfc|sr|' 


Pg0  lcjd,H|(22  l%Hi)=  *  exp  j- 
“  2a?  ~  l  2 a?2 


Pj).,  I  wd, Hj  (f>3  i  Q,i»  Hl)  =  ~~  e3<P 

2aj  7 


(li.  - 1)  erf  Jilj 
2a  p  ll 


Pg4  Icoj.Hj  (S4  lQd.Hi)  = 


U  \  «4 

_  exp  J-  -Z. 

laj4  |  2 O]^ 


with  signal  present.  When  the  signal  is  not  present 


pC;  1 H0  (Vi 1  Ho)  "  l\  1  wd*  Hj  (fi/  lnd,H.) 


j  °l=o0 


Equation  (8)  was  written  in  this  form  to  save  space  since  it  is  identical  to  Equation  (7)  except  that  oq  is  substituted 
for  oj.  - 

As  is  well  known  the  probability  of  false  alarm  is  derived  1  by  the  following 


PF 


CO 

iS  f  PS/ 1 H0  1  Hc 


EXAMPLE:  THRESHOLD  COMPUTATION: 


For  each  of  the  four  cases  we  set  Pp^  ^  equal  to  5  x  10*7  in  order  to  obtain  a  false  alarm  probability  at  the 
scope  of  10‘6.  From  Figure  4  v/e  see  thai’at  the  scope 

^F  =  PFA  +  PFE  '  P1A  ‘  Fp  -  2PFA 


0<pfa=pfe<<  1 

Evaluating  the  integral  in  (9)  for  each  of  the  four  cases,  substituting  for  oq,  and  setting  the  Pp{.  equal  to  5  x  10'7, 
for  example,  we  have 
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2  erfc. 


(11-A) 


— 2L.  iasSx  10'7 
2Vr3^'0 


exP  =5x10'7  (U-B) 

l  6N0 


exp  j.  (  W1  r3  .  erf  j  T3  {  (  ]  =5x  10-7 

I  12N0J  tV  2V3T0  hv^Tot  \  12N°! 

(H-C) 

(-H 

6N0 

Solving  for  the  various  thresholds  7/  we  have 

+  1)  exp]-—  =  5  x  iO'7 
(6N0j 

(ll'D) 

v  .  y\ 

=  7.30 

( 1 2  -  A ) 

n 

=  29  x  3N0 

0'2-B) 

73 

=  8.1 

( 1 2-C) 

74 

=  35  x  3N0 

(12-D) 

Returning  to  our  discussion  we  may  use  these  threshold '  :ues  and  the  probability  density  function  of 
Equation  (7)  to  evaluate  the  probability  of  detection  of  each  of  the  models  in  Figure  3  through  the  integral. 

00 

p/(fitA>  7ilNi>Hl)=  f  PiiA  •wj.H,  (£/a  lnd>Hi)d*/A  O3) 

7/ 

where  the  subscript  A  denotes  the  particular  choice  of  interpulse  period  or  Tg  of  which  the  variance  oj2  is  a 
function. 

Evaluating  this  integral  for  each  one  of  the  cases  in  Figure  3  we  have 

P!  (^1A  •>  yj  ' «d,  Hj)  *  1 " er^  1 2o^~|  ( 1 4-A) 

p2  (e2A >  72  1  wd,  Hj)  s  \  Jij  (14-B) 

( 2a  pj 

P3('3A>  r3l«d.H,)-«i'  j^j  «fj^j  1  0«) 

p4(84A>74lwd,H,)“(-^  +  1) exp S-  lit  (14  D) 

4  *  W  |  2°l2) 
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Equation  (14)  is  the-  probability  that  the  signal,  derived  from  the  six  received  pulses  of  period  and  present  at 
the  output  of  the  network  shown  in  Figure  3  (or  the  input  to  the  A  port  of  Figure  4),  exceeds  the  threshold  for  a 
particular  target  radial  velocity  associated  with  cod.  When  the  six  pulses  having  period  Tg  are  also  applied  to  the 
and/or  circuit  of  Figure  4  the  overall  probability  of  detection  for  all  twelve  pulses  and  for  a  particular  ood  is 

PD/ 1  <od “ p/ <  7  1  U  lJ/E>  7/]lwd,Hi)  (15) 


=  W A >  V  I  «d,  In)  +  TOe  >  7/  I  cod,  Hj)  ■ •  P|  (  [  fif  A  >  7/ 1  n  l  */E  >  7/  P  «d,  H,> 

Since  the  events  >  7/  and  fi/g  >  7/  are  independent  the  last  term  in  (15)  can  be  written  as  the  product  of 
their  probabilities. 

The  average  detection  probability  may  be  computed  by  integrating  out  the  dependency  on  cod 

P°/  /  Pf  Ie/A>7/1  U(c/E>7/llWd>H,)pwd  1 H!  <«d  lHl>dcod  (16) 

«d 

Where  Pwd  I H  j  (cod  I H  j)  is  the  probability  density  function  of  the  doppler  frequency  cod  and  integration  is  over 
the  range  of  cod. 

COMPOSITE  DETECTION  PROBABILITY  OVER  POSITION  AND  VELOCITY 

Thus  far  we  have  derived  the  expressions  for  the  conditional  probability  of  detection  when  the  target  is  located 
in  the  center  of  beam  A  and  E.  In  this  special  case,  beam  E  is  spatially  coincident  with  A  but  occurs  one-half  second 
later.  The  detection  probability  given  in  Equation  (15)  is  conditional  on  target  velocity  and  beam  center.  The 
detection  probability  of  Equation  (16)  is  composite  over  target  velocity  and  is  conditional  only  on  beam  center. 
These  expressions  may  be  applied  to  any  receiver  case  of  Figure  3  by  assigning  the  appropriate  index,  /,  to  the 
subscripts  in  Equation  (15)  and  (16)  and  making  the  proper  substitution  front  Equation  (14). 

We  shall  now  make  the  detection  problem  even  more  conditional  by  introducing  multiple  antenna  beams,  each 
having  its  own  position  L  along  with  its  own  PRF,  T^.  We  also  may  assume  that  the  target  is  located  at  a  common  but 
random  position,  0,  within  the  beams’  coverage.  Now  defining  a  detection  as  constituting  a  hit  in  one  or  more  of  K 
beams  we  have  for  tho  conditional  detection  probability  of  a  particular  receiver  case 


pKeA>7)  U  (%>7)  U  •  ■•(*LK>7)  l0,«d,H|  1  = 


l*ll*P(«A>7l*,Wd,Hl)l  ll-P<»B>7l*fWd,H1)}....  l»‘P(*LK>7l*.«d,H1)l  (17) 


That  is,  a  detection  is  made  if  the  target  is  detected  in  beam  A  or  beam  B  or . . .  beam  LK,  or  any  combination 
thorcof. 


Ihc  subscript  /  (or  the  receiver  case  has  been  omitted,  it  is  assumed  that  the  signal  and  noise  received  from  each 
beam  A,  B,  C, . . .  LK  is  uncorrolatod  and  thoroforc  Independent. 


t  he  composite  probability  ot  detection  for  all  K  beam  positions  is  therefore  obtained  by  averaging  Equation  (17) 
with  respect  to  0and  ud. 


K  Beams 


//  p((«A>7)  U  <«B>7>  U 
0  i  l 


••■(*LK>7)»,«d  1Hl  lp(^Wd1HJ)d0dW(j(I8) 
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Since  the  target  position,  <t>,  within  the  beams  is  independent  of  velocity,  cod,  we  may  write 


P^oo^lHi) -P(0tH1)P(codlH1). 


Equation  (18)  is  the  average  probability  of  detection  for  the  coherent  MTI  mode.  The  averaging  is  over  the 
spatial  coverage  and  over  the  target  velocity.  This  equation  also  considers  a  detection  when  the  processed  signal 
crosses  the  threshold  in  beam  A  or  beam  B  or, . . .  beam  LK,  or  any  combination  thereof. 

COMPUTER  RESULTS 


The  expressions  given  above  were  programmed  on  the  computer.  The  program  was  written  to  accommodate  any 
number  of  beams  A,  B,  C  . . .  LK  each  of  which  may  have  assigned  a  particular  PRF  interval,  TA,  Tg,  T^  . . .  Tjj(. 
An  example  of  four  beams  and  their  relative  locations  is  shown  in  Figure  1  (provided  by  the  contractor).  A  triangle 
of  symmetry  by  which  the  entire  coverage  can  be  represented  is  also  shown.  The  target  is  assumed  to  be  located 
anywhere  within  this  triangle  (and  therefore  anywhere  within  the  coverage)  with  uniform  probability.  To  facilitate 
the  computation,  the  target  location  was  given  a  uniform  discrete  probability  density  function  at  ten  equally  spaced 
points  within  the  triangle. 

10 

P(4>lHl)  =  -~  2  (19> 

/=  1 

For  the  same  reason  the  velocity  is  also  assumed  to  have  a  uniform  discrete  distribution 

10 

P(wdlHi)=  -L  £  5(0^-^  (20) 

/  =  1 


Each  of  the  density  functions  on  the  right  side  of  Equation  (17)  are  evaluated  first  giving 
BeamA:  P («a > ^  wd/*Hf)a 


Beam  B: 


Beam  L: 


P(fi>7icud/,H1) 


t  =  ta 


o  2/Aa  10  -  -9JS11).  Oc2 


P(fi0>7  1 0/.  wdf.  Hj)‘ 


P(2>7lWd/,Hl) 


T«Tg 


P(fiL>T  H,)« 

P(8  >7  1^,1*,)  I  T  a  Tg 
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os2/B=  10  -  cs2 


*i’n//A 


f,D</B 


r,>D0L  (21) 


The  middle  part  of  equation  (21)  is  taken  from  Equation  (14)  where  o32y  A,  the  target  amplitude,  is  substituted  for 
a s2  in  the  definition  for  oj2,  following  Equation  (6-B).  GA(/')  is  the  two  way  antenna  gain  (beam  center  gain  equals 
unity)  for  the  A  beam  target  located  at  the  ]  point  in  the  triangular  coverage  sector.  Values  used  for  GL(/)  were 
provided  by  the  contractor,  Raytheon,  and  are  shown  listed  in  Table  1. 

From  Equation  (21)  one  can  see  that  for  each  value  of  Pp/yyi:  variance  under  Hj,  aj^,  (as  defined  under 
equation  (6)  and  appearing  in  equation  (14)  for  detection  probability)  is  dependent  on  beam  position,  PRF,  Target 
location,  and  velocity.  Beam  Position  and  PRF  dependence  is  lumped  together  through  Equation  ( 1 7)  which  is 
repeated  here  in  modified  form. 

PD//  (AU  K  Beams)  =  1  -  ( 1  -  Pp/y  \)  ( 1  ■  Pp/yg) - ( 1  ■  pPf/LK)  (22) 

Target  Location  is  averaged  out  by  performing  the  integration  indicated  in  Equation  (18)  with  respect  to  <j>. 
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Pp/  (K  Beams)  =  -±-  Pp/y  (K.  Beams)  (23) 

=1 

Finally,  Velocity  Dependence  is  averaged  out  by  a  similar  integration  on  Pp/. 

Pp  (K  Beams)  *  _L  Pp/  (K.  Beams)  (24) 

The  values  used  for  the  antenna  beam  -  target  location  two-way  gain,  GL(/),  are  given  in  Table  I  for  the  four 
beams  shown  in  Figure  l.  The  values  for  target  velocity  used  to  compute  the  doppler  frequency,  wdi,  range  from 
105  knots  to  195  knots  in  10  knot  intervals.  This  is  considered  a  typical  velocity  range  for  a  landing  radar  and  spans 
at  least  one  spectral  PRF  interval.  Therefore,  averaging  over  a  larger  velocity  range  would  give  the  same  rosult. 

Tables  VII  through  XVI  give  the  probability  of  detection,  Equation  (23),  for  different  values  of  target 
signal-to-noisc  ratios  (referenced  to  target  on  beam  confer)  and  at  different  target  velocities.  Also  given  is  the 
detection  probability  averaged  over  velocity,  Equation  (24).  False  alarm  probability  is  10'^.  Two  PRFs  were  assumed 
and  are  indicated  by  T  j  and  T2.  The  beam-target  location  characteristics  used  arc  as  follows  for  each  designated 
beam.  " 

BEAM  TWO-WAY  GAIN  PRF 

A  CA(/)  - 

B  CB(/) 

C  CC  </)  ,s° 

D  QIXJ) 

E  GA(/) 

V  CBO) 

ta  1/2  seconds 

G  GC  (/) 


h 

h 

h 

IS 

h 

t, 


As  indicated  Tables  VII  through  XVI  include  detection  over  the  two,  four,  and  eight  strongest  beams.  They  also 
include  all  four  receiver  cases  analyzed  with  the  following  respective  thresholds  for  a  probability  of  false  alarm  of 
10'S  per  beam  position 

7  i  =  6.46  \/3N^ 

y2  =  23.0  x  3N0 

73  =  7.32n/3N; 

74  =  28.4  x  3N0 

The  values  for  co<j/  corresponding  to  target  radial  velocities  between  100  and  200  knots  were  obtained  from  the 
relation 

toj/  =  4n  vf0/C 
=  194  v£ 

where  v  is  target  velocity,  C  is  the  velocity  of  light,  f0  is  the  carrier  frequency,  9,01  GHz  and  V£  is  target  velocity  in 
knots  (nautical  miles  per  hour). 

Since  the  storage  time  of  the  scope  is  not  known,  the  anlaysis  was  not  carried  out  for  more  than  1  second,  i.c., 
one  complete  round  of  looks,  2  scans. 

Tables  XVII  through  XX  give  the  probability  of  detection  for  the  target  located  at  the  center  of  beams  A  and  t . 
The  other  beams  are  not  considered  for  or.'ccnter  performance  in  computing  the  data  in  Tables  XVlt  through  XX. 

Tables  XIX  and  XX  are  presented  in  a  different  format  than  the  preceding  tables.  At  the  top  of  each  group  of 
data  a  signal-to-nolse  ratio  Is  given  as  a  direct  power  ratio  (not  in  dB)  followed  by  the  receiver  case  being  considered. 
The  false  alann  probability  which  appears  on  each  page  of  data  Is  the  overall  value  for  the  two  beams  A*uE,  i.e., 
for  one  beam  Pp  is  5  x  10*^;  The  first  column  of  values  represent  the  target  velocity  in  knots;  the  second  and  third 
column  of  values  denote  the  detection  probabilities  In  Beam  A  and  Beam  li  respectively.  Equation  (14);  the  fourth 
column  denotes  probability  in  either  of  the  two  beams,  Equation  (15);  and  the  average  probability  at  tire  bottom 
of  each  group  of  data  denotes  averaging  only  over  velocity.  Equation  (  ii>). 

As  expected,  for  1  and  Q  processing  a  marked  improvement  is  obtained  as  compared  for  I  processing  only  with 
all  probabilities  of  detection  analyzed.  The  improvement  is  brought  about  by  integration  gain  and  diversity  gam 
when  going  from  the  independent  channels  of  “I  Only”  to  twice  as  many  independent  channels  of  I  and  Q  each. 

Hie  improvement  In  the  required  signako-npise  ratio  for  tl»  particular  average  detection  probability  can  be  seen  by 
comparing  case  l  or  2  with  case  3  or  4  of  the  tables.  This  is  In  general  agreement  with  the  literature'^*  for  video 
integration  of  the  two  independent  pulses  versus  video  integration  of  four  independent  pulses.  (Note  that  one  video 
detected  pulse  mu«  consist  of  two  independent  Gaussian  components.) 

As  expected  1*1  the  tables  also  show  a  slight  improvement  for  square  law  detection,  2  and  4,  compared  to 
envelope  detection,  I  and  3. 


Tables  XXI  and  XXII  summarize  the  results  of  this  analysis. 

The  values  ofS/N  for  a  sln^c  beam  center  (unity  weighting)  obtained  by  Ward fai  using  Battonl7!  dtffered 
slightly  from  those  obtained  using  Appendix  A  of  this  report.  This  difference  is  maintained  after  averaging  the 
detection  probability  over  all  ten  points  of  tin  coverage  triangle  in  Beam  A  and/or  Beam  B.  These  values  are  shown 
in  fable  XXI. 
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In  Table  XXII  it  can  be  seen  that  failure  to  average  the  detection  probability  over  velocity  or  beam  coverage 
results  in  optimistic  values  for  signal-to-noise  ratio.  For  example,  there  is  approximately  a  4.0  dB  difference  between 
the  MTI  values  obtained  by  Ward  using  an  average  velocity  and  those  computed  herein  for  Beams  A  and/or  B,  (AUB) 
(A  union  B).  There  is  also  a  difference  of  about  2.0  dB  in  signal-to-noise  ratio  for  beams  AUE,  on  center  as 
compared  to  target  position  averaging  but  in  this  case  a  similar  difference  is  realized  in  the  scan  mode  and  so  the 
MTI  loss  is  unchanged. 

The  last  set  of  conditions  in  Table  XXil  represent  the  most  likely  situation.  Here  the  target  is  observed  in  two 
of  the  beams  (AUB)  during  the  first  scan  and  again  (EUF)  during  the  second  scan.  Probability  of  detection  has  been 
averaged  over  beam  coverage  and  over  velocity.  The  MTI  loss  for  false  alarm  probability  of  10'$  per  beam  and  overall 
detection  probability  of  75%  is  8.0  dB  for  I^  only  MTI  and  4.9  dB  for  +  q2  MTI. 
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TABLE  I 

ANTENNA  BEAM  --  TARGET  LOCATION  TWO  WAY  GAIN  <DB> 


GA(1  >=..08 
GA<2)*00.74 
GA ( 3 ) a  2.40 
6AC4)=*  4.66 
GA(5>»  0.46 
GA<6>  =  1.62 
GA ( 7 >-  3.46 
GA  <  8 ) “  1.20 
GA<9>=  2.70 
GA (  1 0 ) a  2.30 


GB(1 >=10. 66 
GB(2>a  8.26 
GB(3)s  6.90 
GB  (  4  )  ■  6.02 
GB(5>=  7.94 
GB<6>a  6.12 
GB<7)*  4.96 
GB(8>a  4.78 
GB  1 9 ) a  4.24 
GB<10>3  3.84 


GC< 1 >al0.80 
GC<2>a  8.40 
GC(3>a  6.80 
GC(4>a  6.00 
GC(5>*1 1 .00 
GC<6>»  9.20 
GC  (  7>=»  8.00 
GC<8>al 1.80 
GC(9>ai0. 10 
GC(10>*12.80 


GD  C I >  =2 1 . 00 
GDC2>al 6.00 
GD(3>al 1.30 
GD ( 4 > a  7.20 
6D<  5  >» 18.40 
GD(6>al3.50 
GD(7>»  9.50 
GD(8  >3 16.40 
GD(9>al 1 .80 
GD<  1 0  )  a  1  4.  40 
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TABLL  II 


DETECTION  PROBABILITY  FOR  SCAN  HODL 


at1;  Number  A 


False  Alarm  Probability 


10"3 

10““ 

TO"5 

10"6 

f-* 

1 

o 

S/N  RATIO 

1  6.  45 

19.55 

22.  53 

25.41 

28.  22 

2.  10 

0.2208 

0.  1331 

0.0810 

0.0499 

0. 0310 

2.20 

0.2282 

0.1390 

0.08  54 

0.  0531 

0.0333 

2.30 

0.2358 

0. 1450 

0.0900 

0.05  65 

0.0358 

2.40 

0.2435 

0.  1513 

0.0948 

0.0600 

0.0383 

2.50 

0.2514 

0. 1 577 

0.099  7 

0.  063  7 

0.0410 

2.  60 

0.2593 

0.  1  (  (2 

0.  1048 

0.0676 

0.0439 

2.  70 

0.2674 

0. 1 710 

0.  1  101 

0.  071  6 

0.  0469 

2.80 

0.2757 

0.  1 779 

0.  1  156 

0.0758 

0.0501 

2.90 

0.28  40 

0.  1849 

0.1212 

0.0802 

0.0534 

3.00 

0.2925 

0.  1922 

0.  1270 

0.0847 

0.05  69 

3*10 

0.3010 

0.  1996 

0.1331 

0.0895 

0.0606 

3.20 

0.309  7 

0.2071 

0. 1393 

0.0944 

0.0644 

3.30 

0.3185 

0.2148 

0.  1456 

0.0995 

0.0684 

3.40 

0.3274 

0.2227 

0. 1 522 

0.  1048 

0.  0  72  6 

3.  50 

0.3363 

0.2307 

0.  1589 

0. 1103 

0. 0770 

3.60 

0.3454 

0.2389 

0.  1 659 

0.1160 

0.081 6 

3.  70 

0.3545 

0.2472 

0.  1 730 

0.1218 

0.  08  63 

3.80 

0.3637 

0.2556 

0.  1802 

0.  1279 

0*0912 

3.90 

0.3730 

0.2642 

0.  1877 

0. 1341 

0.09  64 

4*  00 

0.3823 

0.272? 

0. 1953 

0. 1406 

0. 101 7 

4*  10 

0.3917 

0.281  7 

0.2031 

0.  1472 

0.  1072 

4*20 

0.  401  1 

0.2906 

0.21  10 

0.  1540 

0.  1 129 

4*30 

0.4106 

0.2997 

0.219! 

0. 1 610 

0.11 88 

4*  40 

0.4201 

0.3088 

0.2274 

0.  1  682 

0. 1249 

4*  50 

0.  429  6 

0. 3181 

0.2358 

0. 1 756 

0.1312 

4*  60 

0. 4392 

0. 3274 

0.  2444 

0. 1831 

0.  1377 

4.  70 

0. 4488 

0.  3369 

0.2531 

0.  1909 

0. 1 444 

4.80 

0.4584 

0. 3464 

0.2619 

0.  1988 

0.1513 

4.90 

0.4680 

0.  3560 

0.2  709 

0.  2068 

0. 1584 

5*00 

0.4776 

0.36S6 

0.2800 

0.2151 

0.  1  65  6 

5.  10 

0  .  48  72 

0.3754 

0.2892 

0.2235 

0.1 731 

5.20 

0.49  68 

0. 3852 

0.2985 

0.2320 

0. 1807 

5*30 

0.5064 

0.3950 

0.3080 

0.2407 

0.  1886 

5.  40 

0.  51  59 

0.4049 

0.  31  75 

0.249  6 

0.  1966 

5.  50 

0.5254 

0.  41  48 

0.3272 

0.2586 

0.2047 

5*  60 

0. 5349 

0. 4247 

0.3369 

0.2677 

0.213! 

5.  70 

0. 5444 

0.4347 

0*3467 

0.2770 

0.221 6 

5.80 

0*5538 

8*  4447 

0.3564 

0.0863 

••  0303 

5.90 

0.563! 

0.4547 

0. 3665 

0.8950 

«• 2391 

10 


TABLE  II  (Continued) 
DETECTION  PROBABILITY  FOR  SCAN  MODE 


Number  A 

♦  r.  -  J. 

False 

Alarm  Probability 

S/N  Patio 

10"3 

io-4 

IO"5 

•i0-6 

io-7 

6.00 

0. 5724 

0.  4647 

0. 3766 

0. 3055 

0. 2481 

6.  1  0 

0. 581 6 

0.4746 

0.  38  66 

0.  3152 

0.2572 

6.  20 

0.  59  08 

0 .  48  4  6 

0.  3967 

0.  3250 

0.2665 

6.  30 

0. 5999 

0.  4946 

0.  4069 

0. 3349 

0.  2758 

6.  40 

0. 6089 

0.  5045 

0.  41  71 

0. 3449 

0.2854 

6.  50 

0.  61  78 

0.  51  44 

0.  42  73 

0.  3549 

0.2950 

6.  60 

0.  6266 

0. 5242 

0.  4375 

0.  3651 

0.  3047 

6.  70 

0. 6354 

0. 5341 

0. 4477 

0. 3753 

0.3146 

6.80 

0. 6441 

0.5438 

0.  45  79 

0.  38  55 

0.  3246 

6.90 

0.  652  6 

0. 5535 

0. 4681 

0.  39  58 

0.3346 

7.,  00 

0.  661 1 

0.  5632 

0.4  78  4 

0.  40 61 

0.3447 

7.  10 

0.  6694 

0.  5  728 

0. 4885 

0.  41  65 

0.3549 

7.  20 

0. 6777 

0.  5823 

0.498  7 

0.  42  68 

0*  3652 

7.  30 

0.  68  58 

0.59  17 

0. 5088 

0.  43  72 

0.  3755 

7.40 

0.  6939 

0. 6010 

0.  5189 

0. 4476 

0.3859 

7.  50 

0.7018 

0.  6103 

0.  5290 

0. 4580 

0.  3963 

7.  60 

0. 7096 

0.  6195 

0.5390 

0  .  4684 

0.  4067 

7.  70 

0. 7172 

0.  628  5 

0. 5489 

0.  4787 

0.  41  72 

7.80 

0. 7248 

0.  6375 

0.5588 

0.4891 

0.  4277 

7.90 

0. 7322 

0.  64  64 

0  .  568  6 

0.  4994 

0. 4382 

8*  00 

0. 7395 

0. 6551 

0  .  578  3 

0.  509  7 

0.  4487 

8.  10 

0. 7467 

0. 6638 

0.  58  79 

0.  5199 

0. 4592 

8.20 

0. 7538 

0.  6723 

0.  59  75 

0. 5301 

0.  4  69  7 

8.30 

0.7607 

0.  6807 

0. 6069 

0. 5402 

0. 4802 

8.40 

0. 7675 

0.  6890 

0.  61  63 

0. 5502 

0.  4907 

8.50 

0.  7741 

0.  69  72 

0.  6255 

0.5602 

0. 501 1 

8.  60 

0.  7807 

0. 7053 

0.  6347 

0.  5701 

0.51  1  4 

8.  70 

0.  7871 

0»  71  32 

0.  6437 

0.  5800 

0.5218 

8.80 

0.  7933 

0. 7210 

0.  652  7 

0. 589  7 

0. 5320 

8.90 

0.  7995 

0.  728  6 

0. 661 5 

0.  5993 

0.5422 

9.  00 

0.  8055 

0. 7361 

0. 6702 

0. 6089 

0.  5524 

9.10 

0.81  1  4 

0. 7435 

0  .  6788 

0.  6183 

0.  5  624 

9.20 

0.8171 

0.  7508 

0  .  68  72 

0. 6277 

0.  5  724 

9.30 

0.8227 

0.  7579 

0.  695  5 

0.  63  69 

0. 5823 

9.40 

0.8282 

0.  7649 

0.  7037 

0. 6460 

0.5921 

9.  50 

0.8336 

0.  771  7 

0. 7118 

0. 6550 

0.  6018 

9.  60 

0.8388 

0.  7  78  4 

0.  719  7 

0.  6639 

0.  61  14 

9.  70 

0.8439 

0.  78  50 

0.  72  75 

0.  6727 

0. 6209 

9.80 

0.8489 

0 .  79  1  4 

0.  7351 

0.  6813 

0.  6303 

9.90 

0.8  538 

0.  7977 

0.  7426 

0  .  68  98 

0.  639  6 

!  / 


Beam  Number  A 
N  *  3  M  *  2 


DETECTION  PROBABILITY  FOR  SCAN  MODE 


False  Alarm  Probability 


S/N  Patio 

TfTS 

io-‘ 

io-5 

TO'6 

io-7 

10.00 

0.8585 

0*8039 

0. 7500 

0.  698 1 

0.  648  7 

10*  10 

0.8631 

0.8099 

0.  75  72 

0.  7064 

0.  6578 

10.20 

0.8676 

0.8158 

0.7643 

0. 7144 

0.  6667 

10*30 

3.8723 

0*8215 

0.  7712 

0. 7224 

0.  6755 

10.  40 

0.8762 

0.8271 

0.  7780 

0. 7302 

0.  6841 

10.  50 

0*8804 

0*8326 

0*  7847 

0.  7379 

0.  6926 

10.  60 

0.8844 

0.8379 

0.  7912 

0. 7454 

0.7010 

10.  70 

0.8883 

0.843! 

0.  79  75 

0.  7527 

0.  7092 

10.80 

0.8921 

0.8432 

0.8038 

0. 7600 

0.  71  73 

10.90 

0.8958 

0.8531 

0.8098 

0.  7671 

0.  7253 

ii.  eo 

0.8994 

0.8580 

0.8158 

0.  7740 

0. 7331 

u.10 

0*9029 

0*3  62u 

J.8216 

0*  7308 

0.  7407 

u.  ?o 

0.9063 

0.8672 

0.8272 

0.  78  74 

0.  7482 

11*30 

0.9096 

0.8717 

0*8328 

0  .  79  39 

0.  7556 

1  ? .  40 

0.9128 

0<  8760 

0.3331 

0.8003 

0.  7628 

11.50 

0*  9  1  59 

0.8802 

0.8434 

0.8065 

0.  7699 

11.60 

0.9189 

0.8843 

0.8485 

0.3125 

0.  7768 

11.70 

0*9818 

0.8382 

0.85  35 

0.8104 

0.  7835 

U  *  80 

0*9246 

0*8921 

0.3583 

0.8242 

0. 7902 

11.90 

0.9273 

0  » '  -  7  58 

0.8  63! 

0.8299 

0.79  66 

12.00 

0*9300 

0.8995 

0.8676 

0.8353 

0*8030 

TABLE  IH 


DETECTION  PROBABILITY  FOR  SCAN.  MODE 

Be^n  Nianbers  A  and  8 
N  =»  3  M  =  2 


False  Alarm  Probability 


S/N  Ratio 

IQ-3 

1  6.45 

2.10 

0.2543 

2.20 

0.2631 

2.30 

0.2720 

2.40 

0*2811 

2.50 

0.2903 

2.60 

0.2997 

2.  70 

0.3093 

2.80 

0.3190 

2.90 

0.3289 

3.00 

0.3389 

3*10 

0*3491 

3.20 

0.3594 

3.30 

0*3698 

3.40 

0.3803 

3.  50 

0.3909 

3*  6?9 

0.4017 

3.70 

0.4125 

0.60 

0.4234 

3.90 

0*4344 

4.  00 

0.4454 

4.10 

0.4565 

4*20 

0.467  7 

4.30 

0.4789 

4.  40 

0.4901 

4.50 

6.5014 

4.  60 

0.5127 

4.70 

0.5239 

4.80 

0.5352 

4.90 

0. 5464 

5.00 

0.5576 

10“  4 

KT5 

19.55 

22.53 

0.  1468 

0.08  65 

0.1530 

0.  09 1 3 

0*1604 

0.09  64 

0.  1675 

0.  1016 

0.  1 748 

0.  1070 

0. 1823 

0.  1127 

0.  1900 

0.  1185 

0.  19  79 

0. 1246 

0.2061 

0.  1309 

0*2144 

0.1374 

0.2230 

0.  1441 

0.2317 

0.1511 

0.2407 

0.  1  582 

0*2498 

0.  1656 

0.2592 

0. 1733 

0.268  7 

0.1811 

0.2784 

8. 1892 

0v  2883 

0.  19  75 

0. 2983 

0.2060 

0*  308  6 

0.2147 

0.3190 

0.2236 

0.3295 

0. 2328 

0.3402 

0.2421 

0.3510 

0.251  7 

0.3620 

0*2615 

0.2731 

0.2714 

0.33  43 

0.281  6 

0.3956 

0.2919 

0.4070 

0.3024 

0.4184 

0.3131 

](T6 

r^ 

i 

o 

25b  41 

28.22 

0.0521 

0.0319 

0.0555 

0.8343 

0.0591 

0.03  69 

3.0629 

0.039  6 

0.0668 

0.  @424 

0.0  710 

0.0454 

0.0753 

0.048  6 

0.0798 

0.05  19 

0.0846 

0.05  54 

0.0895 

0.059! 

0.0947 

0.0630 

0* 1000 

0.0671 

0.1056 

0.0714 

0*1114 

0.0759 

0.  1  1  74 

0*0806 

0.1237 

0.085  5 

0. 1302 

0.  0906 

0.  1369 

0.0959 

0.1438 

0.1015 

0.1510 

0.  10  72 

0*  1584 

0.  1132 

0.  1660 

0. 1195 

0. 1  739 

0*  12  60 

0. 1820 

0.  1327 

0.  1903 

0.  1396 

0.  1989 

0.  1468 

0.2076 

0.  15  42 

0o  21 66 

0.  1619 

0.2259 

0.  1 690 

0*2353 

0.  1779 

i(> 


TAHLi:  III  (Continued) 

WITCH  ON  PROBABILITY  FOR  SCAN  HOPE 

am  Numbers  A  and  B 


3 


False  Alarm  Probability 


3/N  Pa_tj_o 

APL- 

jrp 

in-5 

HTp 

io- 7 

5.  10 

0.  5  688 

0. 4300 

0. 3239 

0.2450 

0.  18  63 

5.20 

0.  58  00 

0. 44! 6 

0. 3349 

0.25  48 

0. 1 949 

5.  30 

0.5910 

0. 4533 

0.  3460 

0.2  649 

0.2037 

5 . 40 

0. 6021 

0. 4650 

0.  3573 

0.2752 

0.  2128 

S.  50 

0. 6130 

0.  4768 

0.  3  68  7 

0.2856 

0.  2221 

5.  60 

0. 6239 

0.  4886 

0.  3802 

0.  29  63 

0.  231  6 

5.70 

0.  6346 

0. 5004 

0. 3918 

0.  3071 

0.2414 

5.80 

0. 6453 

0.5122 

0. 4036 

0. 3181 

0.2513 

5.90 

0. 6558 

0.  5240 

0. 4154 

0.3292 

0.2615 

6.  00 

0. 6663 

0.  5358 

0.  4273 

0. 3405 

0.2719 

6.  10 

0. 6766 

0.  5476 

0. 4392 

0.3520 

0.  2824 

6.20 

0.  68  68 

0. 5593 

0. 4513 

0. 3635 

0.2932 

6.  30 

0.  69  68 

0.  5709 

0.  4633 

0.3752 

0.3041 

6.40 

0. 7067 

0.  5825 

0.  4754 

0.38  71 

0.  3152 

6.  50 

0.71 65 

0.  5941 

0.  48  75 

0.3990 

0.  32  65 

6.  60 

0.  7261 

0. 6055 

0.  499  7 

0.  4!  10 

0.3380 

6.  70 

0.  7355 

0.  61  69 

0. 51  18 

0. 4231 

0.3495 

6.80 

0. 7447 

0.  6281 

0.  5239 

0.4353 

0.  361  3 

6.90 

0. 7538 

0. 6393 

0.  5360 

0.  44  75 

0.  3731 

7.  00 

0.  7627 

0. 6503 

0. 5481 

0. 4598 

0.  385  1 

7.10 

0. 771 4 

0. 6612 

0. 5601 

0.  4721 

0.  397! 

7.20 

0.  7800 

0. 6720 

0. 5720 

0.  4844 

0. 4093 

7.30 

0. 788  3 

0.  6826 

0.  5839 

0.  49  67 

0. 421 5 

7.  40 

0.  79  65 

0.  6930 

0.  5957 

0.5091 

0.  4339 

7.50 

0.8044 

0.  7034 

0.  60  74 

0. 5214 

0.44  62 

7.  60 

0.8122 

0.  71  35 

0. 6190 

0.  5337 

0.4587 

7.  70 

0.8198 

0. 7234 

0. 6305 

0.5459 

0.  471  1 

7.80 

0.8271 

0. 7332 

0. 6419 

0.  5582 

0.  4836 

7.90 

0.8343 

0. 7428 

0. 6531 

0.5703 

0.  4961 

8.00 

0.8412 

0. 7522 

0. 6642 

0.  5824 

0.  5086 

8.  10 

0.8480 

0. 761 5 

0. 6751 

0.  5944 

0.5210 

8.20 

0.8546 

0.  7  705 

0  .  685  9 

0.  60  63 

0.  5335 

8.3W 

0.8  609 

0. 7793 

0.  69  66 

0.  618  1 

0. 5459 

8.40 

0.8671 

0.  78  79 

0.  70  70 

0.  6297 

0. 5582 

8.  50 

0.8731 

0.  79  63 

0.  7!  73 

0.  6413 

0.  5705 

8.  60 

0.8780 

0.8045 

0.  7274 

0.  6527 

0.  582  7 

8.70 

0.8844 

0.8125 

0.  73  73 

0.  6639 

0. 5948 

8.80 

0.8898 

0.8202 

0.  7470 

0.  6750 

0.  60  69 

8.90 

0.8950 

0. 8278 

0.  7565 

0.  68  60 

0. 6188 

TABLE  III  (Continued) 
DETECTION  PROBABILITY  FOR  SCAN  MODE 

Beam  Numbers  A  and  B 
N  =  3  M  «  2 


S/N  Ratio 

10*3 

9.00 

0*9000 

9.10 

0.9048 

9.20 

0.9095 

9.30 

0.9139 

9.40 

0.9182 

9.50 

0.9224 

9.60 

0.9263 

9.70 

0.9301 

9.80 

0.9338 

9.90 

0.9372 

10.00 

0.9406 

10.10 

0.9438 

10.20 

0.9468 

10.30 

0.9497 

10.40 

0.9525 

10.50 

0.9551 

10.60 

0.9576 

10.70 

0.9  600 

10*80 

0.9  623 

10*90 

0.9645 

11.00 

0.9666 

11.10 

0.968S 

11.20 

0.9704 

11.30 

0.9721 

11.40 

0.9738 

11.50 

0.9754 

11.60 

0.9  769 

11.70 

0.9783 

11.80 

0.9796 

11.90 

0.9809 

12.00 

0.9821 

False  Alarm 


10"1*  TO'5 


0.8351  0.  7658 

0*8  422  0.  7748 

0.8491  0.7837 

0.8558  0.  7924 

0*8623  0*8008 

0.8686  0.8090 

0.8746  0.8170 

0*8805  0.8248 

0.8861  0.8323 

0.8916  0.8396 

0.8968  0.8467 

0.9019  0.8536 

0.9067  0.8602 

0.9114  0.8667 

0.9  1  59  0.8  729 

0.9202  0.8  789 

0.9243  0.8847 

0.9283  0.8902 

0.9321  0.8956 

0.9357  0.9008 

0.9392  0.905  7 

0.9425  0.9105 

0.9456  0.9151 

0.9486  0.9195 

0.9515  0.9237 

0.9542  0.9277 

0.9  5  68  0.  931  6 

0.9593  0.9352 

0.9617  0.9388 

0.9639  0.9421 

0.9660  0.9453 


ility 


10"6  TO" 7 


0.69  68  0.630  6 

0.  7073  0*6422 

0.  7177  0«  65  3  7 

0.7280  0.6651 

0.7380  0.6763 

0  .  7478  0.  68  73 

0.7S74  0.  6981 

0.  7668  0.  7088 

0.  7759  0.  7193 

0.  7849  0*  7296 

0.  7936  0.7396 

0.8021  0.7495 

0.8103  0.7591 

0.8184  0.  7685 

0.8262  0.  7777 

0.8  3  38  0  .  78  6  7 

0.8411  0  .  79  5  5 

0.8482  0*8040 

0*8551  0.8123 

0.8618  0.8203 

0.8682  0.8281 

0.8745  0.8357 

0.8805  0.8430 

0.8862  0.8502 

0.8918  0.8570 

0*8972  0.8637 

0.9023  0*8701 

0.9073  0.8763 

0.9120  0.8823 

0.9166  0.8880 

0.9209  0*8936 


TABLE  IV 

DETECTION  PROBABILITY  FOR  SCAN  MODE 
Beam  Numbers  A,  B,  E,  and  F 

N  =  3  M  =  2 


False  Alarm  Probability 


S/N  Ratio 

10“3 

io-1* 

IQ'5 

10‘6 

10~7 

S/N  RATIO 

16.  45 

19.55 

22.53 

25.41 

28.22 

2*10 

0.4371 

0.2676 

0.1630 

0. 1002 

0.0622 

2.20 

0.4498 

0.2787 

0.  171  6 

0.  1065 

0.0668 

2*30 

0*4626 

0.2900 

0.  1805 

0. 1132 

0.071  6 

2*40 

0.4755 

0.  3016 

0.  189  7 

0. 1201 

0.0766 

2.50 

0.488  5 

0.3134 

0. 1992 

0.  1873 

0.0820 

2.60 

0.5015 

0.3254 

0.2090 

0.  1348 

0.08  76 

2.70 

0.5146 

0.3377 

0.2190 

0.  1427 

0.093‘i 

2.80 

0.5277 

0.3501 

0*2294 

0.  1  508 

2.90 

0. 5408 

0.3628 

0*2401 

0.  1593 

0*  1063 

3.00 

0.5539 

0.  3  757 

0.251 1 

0.  1681 

0.1131 

3.10 

0.5670 

0.3887 

0.2623 

0.  1  772 

0*1202 

3.20 

0.5801 

0.4019 

0.2739 

0.  1866 

0.  1276 

3.30 

0.5931 

0.4153 

0.2857 

0.  1963 

0.1354 

3.40 

0.6061 

0*  4288 

0.2977 

0.2064 

0.1435 

3.50 

0.6190 

0.  4424 

0.3100 

0.2168 

0.1519 

3.60 

0. 6318 

0*4561 

0.3226 

0.2274 

0. 1  606 

3.70 

0.  6445 

0  .  4699 

0.  3354 

0.  238  4 

0.  1  697 

3.80 

0.6571 

0.4838 

0.  3484 

0.249  7 

0.1791 

3.90 

0*  6696 

0.49  77 

0.  3616 

0.2613 

0. 1888 

4.00 

0.6819 

0.5117 

0.3751 

0. 2732 

0.1988 

4.  10 

0.6740 

0.5257 

0.  388  7 

0.2853 

0.2092 

4.20 

0.  7060 

0.5397 

0.4024 

0.29  77 

0.2199 

4.30 

0.7177 

0.5537 

0.4163 

0.3104 

0.2309 

4.40 

0. 7293 

0.5676 

0.  4304 

0.  3233 

0*2423 

4.50 

0. 7407 

0. 5815 

0*  4446 

0.3365 

0.2539 

4*60 

0.7518 

0.  59  5v3 

0. 4588 

0.3499 

0.2  658 

4.  70 

0.  7627 

0.6091 

0.4732 

0*  3635 

0.2781 

4.80 

0. 7733 

0.  6227 

0.  48  76 

0.3773 

0.2906 

4*90 

0.  7837 

0.  6362 

3.5020 

0.3913 

0. 3033 

5.00 

0.7939 

0.649  6 

0.5165 

0. 4054 

0.31 64 

TABLE  IV  (Continued) 
DETECTION  PROBABILITY  FOR  SCAM  MODE 


Beam  Numbers  A,  8,  £,  and  F 
N  *  3  M  =  2 


False  Alarm  Probability 


S/N  Ratio 

<o  ( 

1  I 

O 

10"4 

TO"5 

U>  | 

1  1 

OJ 

10"7 

5.10 

0.8038 

0.  6628 

0.5310 

0.4197 

0.3297 

5.20 

0.8134 

0.  6759 

0. 5455 

0.4341 

0*3432 

5.30 

0.8227 

0.6887 

0.5599 

0.  448  7 

0.3569 

5*40 

0.8317 

0.7014 

0.5743 

0.4633 

0.3709 

5.50 

0.8405 

0.7130 

0.  5886 

0.4780 

0.3850 

Sv  60 

0.8490 

0.  7260 

0.6029 

0.4928 

0.3994 

5.  70 

0.8572 

0. 7380 

0.  61  70 

0.5076 

0.4138 

^.80 

0.8651 

0.  749  7 

0.6310 

0*5224 

0.4284 

5.90 

0.8727 

0*7612 

0.  6448 

0.5372 

0.  4432 

6.00 

0.8800 

0. 7724 

0.  6585 

0. 5519 

0.4580 

A.  10 

0.8870 

0*7833 

0.  6720 

0.5667 

0.4729 

6.  20 

0.8937 

0.  7939 

0.6853 

0.5813 

0.48  79 

6*30 

0.9002 

0*8042 

0.  6984 

0*  5959 

0.5029 

6.40 

0.9063 

0.8142 

0.7112 

0*6103 

0.  51  79 

6*50 

0.9122 

0*8239 

0.  7238 

0.  6247 

0.5329 

6.  60 

0.9178 

0.8333 

0.  7362 

0*6388 

0.5479 

6.70 

0*9232 

0*8424 

0.  7482 

0.  6529 

0.5629 

6.80 

0.9283 

0.8511 

0.  7600 

0.6667 

0.5778 

6  s  90 

0.9331 

0.8595 

0.  7715 

0.  6803 

0.5926 

7.00 

0.9377 

0.8676 

0.  782  7 

0.6937 

0.  6072 

7.10 

0.9420 

0.8754 

0.  7936 

0.  7069 

0. 6218 

7.20 

0.9461 

0.8829 

0.  8042 

0.  7198 

0.  6362 

7.30 

0.9500 

0*8901 

0.8145 

0. 7324 

0. 6504 

7.40 

0.9536 

0.89  69 

0.8244 

0.  7448 

0.  6645 

7.50 

0.9570 

0.9034 

0*8340 

0.  7569 

0.  6783 

7*60 

0.9603 

0.9097 

0*8432 

0*  768  6 

0.6919 

7.70 

0.9633 

0.9156 

0.8521 

0.  7801 

0.  705  2 

7.80 

0.9661 

0. 9212 

0.8607 

0.7912 

0.  7183 

7.90 

0*9688 

0.9266 

0.8690 

0.8021 

0. 7312 

TABLE  IV  (Continued) 
DETECTION  PROBABILITY  FOR  i>OAN  MODE 


Beam  Numbers  A,  B,  E,  and  F 
N  *  3  M  =  2 


False  Alarm  Probability 


S/N  Ratio 

10"3 

f 

o 

10“5 

10"6 

10~7 

8.00 

0.9  713 

0.9317 

0.8769 

0.8125 

0.  7437 

8*10 

0.9736 

0.9365 

0.8844 

0.8227 

0.7560 

8.20 

0.9757 

0.9410 

0.8917 

0.8325 

0.  7679 

8.30 

0.9778 

0.9453 

0.8986 

0.8419 

0. 7795 

8.40 

0.9796 

0.9493 

0.9052 

0.8510 

0.7908 

8.  50 

0.9814 

0.9531 

0.9114 

0.8598 

0.8017 

8.60 

0.9830 

0.9567 

0.91  74 

0.8682 

0.8123 

8.70 

0.9845 

0.9600 

0.9231 

0.8762 

0.8226 

8.80 

0.9858 

0.9631 

0.9284 

0.8839 

0.8325 

8.90 

0.9871 

0*9  661 

0.9335 

0.8913 

0*8421 

9.00 

0.9883 

0.9688 

0*9383 

0*8983 

0.3512 

9.10 

0.9893 

0.9714 

4.9488 

0.  9050 

0*8601 

9.80 

0.9903 

0.9  737 

0.9471 

0.9114 

0.8685 

9.30 

0.9912 

0.9759 

0.9511 

0.9174 

0.8767 

9.40 

0.992! 

0.9  780 

0.9548 

0.9231 

0.8844 

9.50 

0.9928 

0.9  799 

0.9583 

0.9286 

0.8918 

9.60 

0.9935 

0.9816 

0*9616 

0.9337 

0.8989 

9.70 

0*9942 

0.9833 

0.9647 

0.9385 

0. 905  6 

9.80 

0.9947 

0*9848 

0.9676 

0.9431 

0.9120 

9.90 

0.99  53 

0.9862 

0.9  703 

0.9474 

0.9181 

10.00 

0.9957 

0.9874 

0.9  728 

0.9514 

0.9238 

10. 10 

0.9962 

0.9886 

0.9  751 

0.9552 

0.9293 

10.00 

0.9966 

0.9897 

0.9778 

0.958  7 

0.9344 

10.30 

0*9969 

0.9906 

8.9  70 

9.9620 

0.9393 

10*40 

0*99  72 

0.9915 

0.  98 1  its 

0.9651 

0*9438 

10.50 

0.99  75 

0.9924 

0*9827 

0.9680 

0.9481 

10.60 

0.9978 

0*9931 

0.  9843 

0.9#£7 

10.  70 

FY 
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TABLE  V 


DETECTION  PROBABILITY  FOR  SCAN  MODE 


Beam  Number  A 

N  *  3  M  *  2  Center  (No  Beam  Averaging) 


False  Alarm  Probability 


S/N  Ratio 

10’3 

10"** 

10-5 

TO'6 

10~7 

16.45 

19.55 

22.53 

25.41 

28.22 

2.10 

0. 38 13 

0.2646 

0. 1822 

0.  1252 

0.0858 

2.20 

0. 39 1 4 

0.2740 

0.1904 

0. 1319 

0.  09 1 1 

2.30 

0.4015 

0.2835 

0.  1987 

0. 1 389 

0.09  68 

2.40 

0.41 16 

0.2932 

0.2073 

0.  1460 

0.  1026 

2.50 

0.4218 

0.3030 

0.2160 

0.1535 

0.1087 

2.60 

0.4320 

0.3129 

0*  2249 

0*1611 

0.1151 

2.70 

0. 4422 

0.3230 

0.2340 

0. 1 689 

0. 1216 

2.00 

0.4325 

0.3331 

0*2433 

0.  1  770 

0.1284 

2.90 

0.4628 

0.3433 

0.2527 

0.1853 

8. 1355 

3.00 

0.4730 

0.3536 

0.2623 

0.1938 

0*  1428 

3*10 

0.4833 

0.  3641 

0.2720 

0.2025 

0.  1 503 

3*20 

0.4936 

0.  3745 

0.2819 

0.2)14 

0. 1580 

3.  30 

0*5038 

0.3851 

0.2920 

0.2205 

0. 1  660 

3.40 

0.5140 

0.3957 

0.3021 

0.2298 

0.1742 

3.  50 

0.5242 

0.  4063 

0.3124 

0.2393 

0*  1826 

3.60 

0. 5343 

0.4170 

0.3228 

0. 2489 

0.  1912 

3*  70 

0.5443 

0.4277 

0.3333 

0.258  7 

2*200) 

3.80 

0. 5544 

0.4384 

0.3439 

0.2687 

0*2091 

3.90 

0.5643 

0.4491 

0. 3546 

8.2788 

0.2184 

4.00 

0.5742 

0. 4598 

0.3654 

0.2890 

0.  22  78 

4*  10 

0.5840 

0.4706 

0.3762 

0.2994 

0.2374 

4*20 

0.5937 

0.4813 

0.3871 

0. 3099 

0*2472 

4.30 

0. 6033 

0.  4919 

0.3980 

0.3205 

0*2572 

4.40 

0*6129 

8.  5026 

0. 4090 

0.3313 

0.2674 

4.50 

0.6223 

0.5132 

0*4199 

6.3421 

0.2776 

4.  60 

0.6316 

0.5238 

0*4310 

0.3530 

0.2881 

4.  70 

0. 6409 

0.  5343 

0. 4420 

0.3640 

0.2986 

4.80 

0. 6530 

8. 5447 

0.4530 

0.3750 

0*3093 

4.90 

0*6590 

0.5551 

0.  4640 

0.3861 

0*  3201 

5.00 

0. 6678 

0.5653 

0.4750 

8.3973 

0.3310 
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TABLE  V  (Continued) 

DETECTION  PROBABILITY  FOR  SCAN  HOPE 


Beam  Number  A 


N  -  3  M  »  2 


Center  (No  Beam  Averaging) 


False  Alarm  Probability 


S/N  Ratio 

TO*3 

s.  ie 

0.6766 

0.5756 

5.20 

0*  68  52 

0.5857 

5.30 

0.  69  3  7 

0.  5957 

5.40 

0.7021 

0.  6056 

5.  50 

0.  71 03 

0.  6t  54 

5.60 

0.7184 

0.6251 

5.70 

0.7263 

0.6347 

5*80 

0. 7341 

0.6441 

5.90 

0. 7473 

0. 6534 

6.00 

0.7493 

8.  6626 

6.  10 

0.75  66 

0.6717 

6*20 

0. 7638 

0.6006 

6.  30 

0.7709 

0.689  4 

6*40 

0.  7778 

0.  6980 

6.  50 

0.7846 

0.  7065 

6.60 

0.79t8 

0.  7148 

6.  70 

0.  79  7  7 

0. 7230 

6.80 

0*8040 

0.  7310 

6.90 

0.8102 

0.  7389 

7.00 

0.8162 

0.  7466 

7.  1 0 

0.8221 

0.  7542 

7.20 

0.3278 

0.  7616 

7.30 

0.8334 

0.  7689 

7.  40 

0.8389 

0.7760 

7*  50 

0.8442 

0.  7829 

7.60 

0.8494 

0. 789  7 

7.  70 

0.8544 

0*7963 

7.80 

8*8593 

0*8028 

7*90 

0.8641 

0.8091 

8.00 

0*8687 

0*8152 

TO"3 

10-6 

TO-7 

0*4860 

0.4085 

0. 3420 

0.4969 

0.4197 

0.3531 

0. 50  78 

0.  4309 

0.3643 

0.5186 

0.4421 

0.3755 

0. 5294 

0.4533 

0.38  68 

0.S401 

0*4646 

0. 398 1 

0. 5507 

0.4757 

0.4094 

0.5613 

0*4869 

0. 4208 

0.5717 

0. 4980 

0.  4322 

0*5821 

8. 5090 

0.4435 

0.5923 

0.  5200 

0.  4549 

0.6025 

0*5310 

0*4663 

0.6123 

0*5418 

0.4776 

0.6224 

0.5526 

0*  4888 

0. 6322 

0. 5633 

0.5001 

0*  6418 

0*  5738 

0*5112 

0.6513 

0*  5843 

0. 5223 

0*  6607 

0.5947 

0.5334 

0.6699 

0.6049 

0.5443 

0.  6790 

0*  61 50 

0.5552 

0.  6880 

0.  6250 

0*  5659 

0*6967 

0*  6349 

0.5  766 

C.  7054 

0*6446 

0.5871 

0.  7138 

0.  6542 

0*59  76 

0.  7222 

0.  6636 

0*  6079 

0* 7303 

0.  6729 

0*  6180 

0.7303 

0.  6820 

0*6281 

0*  7461 

0.  6910 

0.6380 

0.  7538 

0*  6998 

0*  6478 

0*  7613 

0.  7085 

0.  6574 

2<j 


Beam  Number  A 
N  »  3  H  «  2 


TABLE  V  (Continued) 
DETECTION  PROBABILITY  FOR  S CM  MflnF 


Center  (No  Been  Averaging) 


False  Alarm  Probability 


S/N  Ratio 

10-3 

10-1* 

IQ*5 

IQ-6 

IQ-7 

10 

0*8732 

0*8212 

0.  768  7 

0.  71  70 

0.6668 

8*20 

0.8776 

0.8271 

0.  7759 

0. 7253 

0*  676! 

8*30 

0*8819 

0.8328 

0.7829 

0. 7335 

0.  6853 

0*  40 

0*8860 

0*8384 

0.  7897 

0.7415 

0.  6943 

8*  50 

0*8900 

0.8438 

0.  79  64 

0. 7493 

0*  7031 

8*60 

0.8939 

0.8490 

0*8030 

0.  75  70 

0. 7118 

8*  70 

0*8977 

0.85  41 

0.8093 

0. 7645 

0.7203 

8*80 

0*9013 

0.8591 

0.8156 

0.  77ig 

0.7286 

8*90 

0*9049 

0.8640 

0.8216 

0.7790 

0.  7367 

9*80 

0.9083 

0.8687 

0.8275 

0*  78  69 

0.  7447 

9*  10 

0*9116 

0.8732 

2*8333 

0.  7929 

0. 7525 

9»g0 

0.9148 

0*8777 

0*8388 

0.  7995 

0.  7602 

9*30 

0.9180 

0.8820 

0*8443 

0*8060 

0.7677 

9  *  40 

0*9210 

0.88  6! 

0*8496 

0.8124 

0*7758 

9*50 

0*9239 

0.8902 

0*8547 

0.8185 

0*  7821 

9«  60 

0*9267 

0.8941 

0. 859  7 

0.8246 

0*  7891 

9  *  70 

0.929$ 

0*89  79 

0.8646 

0.8304 

0.  7959 

9*80 

0*9321 

0*9016 

0.8693 

0.8361 

0*8025 

9*90 

0.9347 

0*9052 

0.8739 

0.8417 

0*8090 

.10*  00 

0*9371 

0.9086 

0.8  783 

0.8971 

0*8153 

10*10 

8.9395 

0.9120 

0.8827 

0*8523 

0<  821 4 

10*20 

0*9418 

0.9! S2 

0*8868 

0.8574 

0*8274 

10*  30 

0.9440 

0.9184 

0.8989 

0.8624 

8.8332 

10*  40 

0.9462 

0.9214 

0.8948 

0*8672 

0*8388 

10*  58 

0*  7483 

0.9243 

0*8986 

0*8719 

0*  8443 

10*  60 

0*9503 

0.9272 

0*9023 

0*8764 

8*8497 

10*70 

0.9522 

0.9299 

0.9059 

0.8808 

0.05  49 

10*80 

0.9540 

0*  9326 

0.9094 

0*8851 

0*8599 

10*90 

0*9558 

0.9351 

0.9127 

0.8892 

0*8648 

1 1  •  00 

0.9576 

0.93  76 

2.9159 

0*8932 

0.8696 

11*10 

0.9592 

0.9400 

0.9191 

0.89  71 

0.8742 

1 1  *  00 

0.9608 

0.9423 

0.9221 

0.9008 

0*8  787 

11*30 

0.9624 

0*9445 

0.9250 

3.9045 

0*8830 

1 1  *  48 

0.9639 

0*9467 

0.9279 

0.9080 

0. 88  72 

11*50 

0.9653 

0*9487 

0.9306 

0.9114 

0*8913 

11*60 

0.9667 

0*9507 

0.9332 

0.9147 

0*  8953 

II*  70 

0.9680 

0*9526 

0.9358 

0.91  79 

0*8991 

11*89 

0.9693 

8*9545 

0.9382 

0.9210 

0*9028 

11*90 

0.9705 

0*9563 

0.9406 

0.9C39 

0*9064 

12*00 

0.9717 

6*9580 

0.9429 

0.9268 

0*9099 

TABLE  VI 


DETECTION  PROBABILITY  FOR  SCAN  HOPE 

Bean  Numbers  A  and  E 

N  •  3  M  *  2  Center  (No  Beam  Averaging) 


False  Alarm  Probability 


S/N  Ratio 

]£i 

^  1 
*  1 

O 

10*5 

1£i 

loti 

16.45 

19.55 

22*53 

25.41 

28.22 

a.  is 

0.6172 

0.4592 

0*3313 

0.2347 

0.  1  64! 

<%a« 

0.6296 

0.4729 

0*3445 

0.2464 

0.  1  740 

2.30 

0  .  641 7 

0.4867 

8.  3580 

0.2534 

0*  1842 

2*40 

0.6538 

8*5004 

8.3716 

0.2  708 

0*  1947 

8.  50 

0.6657 

0.5142 

0.3853 

0.2834 

0*2056 

a.  eo 

0.6774 

0*5279 

0.3992 

0*2962 

0.2169 

a.?0 

0.6889 

0.5416 

0.4132 

0.3094 

0*2285 

a.  80 

0.7002 

0.5558 

0*  4274 

0. 3227 

0.2484 

2.90 

0*7114 

0*5688 

0.441$ 

0.3363 

0.2526 

3.00 

0.7283 

0*  5822 

0. 4558 

0.3501 

0*265! 

3.10 

0.7330 

0*5956 

0.4701 

0.3640 

0.2780 

3.20 

0. 7435 

0  .  6088 

8*4844 

0.3701 

0. 29 1 1 

3.3B 

0.7538 

6.6219 

8*4987 

8. 3924 

0.3044 

3.  40 

0.  7638 

0. 6343 

0*5130 

0.4068 

0.3100 

3.50 

0  .  7736 

0.6475 

0.5272 

0,4213 

0*3319 

3.00 

0.7831 

8.6601 

0.5414 

0.4358 

0. 3459 

3.70 

0.7924 

0.6724 

0.5555 

0.4505 

0*3601 

3.00 

8.8014 

0*6846 

0*  5696 

0.465! 

0.3745 

3.90 

0*8102 

0*  6965 

0.5835 

0.4798 

0*5891 

4.f9 

8*8187 

0*7082 

0.59  78 

0.4945 

0. 4037 

4.10 

0*8269 

0.  7197 

0.  6108 

0.5092 

0.4185 

4  .  20 

0.8349 

0.  7309 

0*6243 

0.  5238 

0.  1334 

4,30 

0.8487 

0*7419 

0.6376 

0. 5383 

0*  4403 

4*40 

0.850! 

0. 7526 

0*  6507 

0* 5528 

0. 4632 

4.50 

0.8573 

0. 7638 

0. 6635 

0.  5672 

0.4782 

4.  40 

0.8643 

0.7732 

8.  6762 

0.5814 

0.4932 

4.70 

0*8710 

0.7031 

0.6886 

0.5955 

0. 508 1 

4.00 

0.0775 

0.7927 

0.7008 

0.6094 

0.5230 

4*90 

0*8837 

0.8020 

0.  7187 

0.  6232 

0.5378 

5.00 

0.8897 

0.8  m 

0.7244 

0.6367 

0.552S 
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TABLE  VI  (Continued) 

DETECTION  PROBABILITY  FOR  SCAN  HOPE 

Beam  Kunbers  A  and  E 

N  *  3  M  «  2  Center  (No  Beam  Averaging) 


false  Alarm  Probability 


S/N  Ratio 

10"  3 

1911 

10“  5 

10~fe 

o 

* 

*>a 

5.10 

6.8954 

0.8198 

0. 7358 

0. 6501 

0.5671 

5.20 

0.9009 

0.8283 

0.  7469 

0.  6632 

0.  58 1  5 

5. 30 

0.9062 

0.8365 

0.  75  77 

0.6761 

0.5959 

5.40 

0.9112 

0.8444 

0. 7683 

0.  6888 

9.6100 

3  .  50 

0.9161 

0.8521 

0*  7785 

0.  7012 

0,  6239 

5.  60 

0.9207 

0.8594 

6.  7885 

8.7133 

0.  6377 

Si  70 

0.9251 

0.8665 

0.7981 

0.  725 1 

0*  6512 

5.60 

0.9293 

0.8733 

0.8075 

0,7367 

0*6645 

5.90 

0.9333 

0.8799 

0.8166 

0. 7480 

0.  6776 

6.00 

0.9371 

0.8662 

0.8253 

0. 7590 

0.6904 

6.10 

0.9408 

0.6922 

0.8338 

0.  769  6 

0.  7029 

6.C0 

0.9442 

0.8980 

6.8428 

9.  7800 

8i7J5t 

6.30 

0.9475 

0.9035 

0.8498 

0.  7901 

0.  7271 

6.  40 

0.9506 

6.9288 

0.8574 

0.  7996 

0.730  7 

6*50 

0*9536 

0.9139 

0.8647 

0.8093 

0.  7501 

6*60 

0*9564 

0.9187 

0.8717 

0.8184 

0.  761 1 

6.70 

0.9591 

0.9233 

0.8784 

0,6272 

0.7718 

6*60 

8.9616 

0.927  7 

0.8349 

0.8357 

0.  7323 

6*90 

0.9640 

0.9318 

0.8911 

0.8439 

0. 7924 

7.00 

6.9662 

0.9358 

0.89  70 

0*8518 

0.8021 

7.10 

6*9654 

0.9396 

0.9026 

0.8594 

0.8116 

7.20 

6.9704 

0.9  432 

6.9080 

9.3667 

8.6207 

7.30 

6.9723 

0.9466 

0.9132 

0.8737 

0.6295 

7.40 

0.9740 

6.9498 

0.9181 

0.8804 

0.8380 

7.50 

0.9757 

0.9529 

0.9228 

0.8868 

0.8462 

7.60 

0.9773 

0.9558 

0.9273 

0.8930 

0*854t 

7.70 

0.9738 

0.9585 

0*9315 

6.8989 

0.8617 

7.00 

6.9602 

0.9611 

0.9356 

6*9045 

0.8690 

7.96 

0.9815 

0.9636 

0.9394 

0*9099 

0.8  759 

8.00 

0.9826 

0.9659 

0*9430 

0.9150 

0.8626 

6.10 

0.9039 

0*9680 

0.9465 

0.9199 

0.8*90 

TABLE  VI  (Continued) 
DETECTION  PROBABILITY  FOR  SCAN  MODE 


Beam  Numbers  A  and  E 

N  *  3  M  «  2  Center  (No  Beam  Averaging) 


False  Alarm  Probability 


S/N  Ratio 

10' 3 

I  O'1* 

10'5 

Ii~6 

10-7 

8.20 

0. 9850 

0.  9  ?01 

0.  9498 

0.9246 

0.8951 

8.38 

0.9850 

0.9720 

0.9529 

0.9290 

0.9010 

8.40 

0.9870 

0.9739 

0.9S58 

0.9332 

0*  9065 

3. 50 

0.9879 

0.9  756 

0.9586 

0.9372 

0*9118 

8.60 

0.9887 

0.9772 

0.9612 

0*9410 

0.9169 

8.^0 

0.9895 

0.9787 

0.9636 

0.9445 

0. 92 1  7 

8.30 

0.9903 

0.9882 

0.9668 

0.9479 

0.92  63 

8*90 

0.9909 

0.9815 

0.9682 

0*9512 

0.9307 

9.00 

0.9916 

0.9827 

0.9702 

0,9542 

0.  9348 

9.  10 

0.9928 

0.9839 

0.9  722 

0.9571 

0.9388 

9.20 

0.9987 

0.9850 

0.9  740 

0.9598 

0.  9425 

9.30 

0.9933 

0.9861 

0.  9  758 

0*9624 

0.  94  60 

9.40 

0.9938 

0.9830 

0,9774 

0.9648 

0.9494 

9.50 

8,9942 

0,9879 

0.9789 

0.9671 

0.9525 

9.60 

0*9946 

0,9888 

0. 9803 

0*9692 

0.9555 

9.70 

0*9950 

0.9896 

0,9817 

0*9716 

0.9583 

9.80 

0.9954 

0.9903 

0.9829 

8.9  731 

0.9610 

9,90 

0.9957 

0,9910 

0*9841 

0.9  749 

0.9635 

10.00 

0.9960 

0.9917 

0*9852 

0.9766 

0.  9  659 

19.  10 

0,99  63 

0.9923 

0.  9862 

0.9  782 

0.9  681 

!8*20 

0*9966 

0.9928 

8.98  72 

0.9  79  7 

8.9702 

10.30 

0.9969 

0,9933 

0.988! 

0.9811 

0,  9  722 

18.40 

0.9971 

8,9938 

0. 9889 

0.9324 

0,9  740 

10*59 

0.9973 

0.9943 

0.9897 

0*9836 

0.  9  ?58 

is.  ae 

0.9975 

0*9947 

0*  9905 

0.  9847 

0.9774 

10.70 

0.99  77 

0,9951 

0.991! 

0.9858 

0  .  9  709 

10.80 

0.9979 

0.9955 

0*9918 

0.9868 

0.9304 

10.90 

0.9980 

0.9958 

2.9924 

0.9877 

0.931  7 

1.1  •  00 

0*9988 

0.99  61 

0.9929 

0.9886 

0*9830 

11.14 

0.9983 

0.9964 

0.9935 

0.9894 

0.9342 

11.20 

0*9985 

0.9967 

0. 9939 

0.9902 

0.9853 

1 1 .30 

0.9986 

0.99  69 

0.9944 

0.9929 

0.9863 

» 1  *  40 

0.9987 

0.  99  72 

0.9948 

0.991  5 

8,98  73 

1 1 . 59 

0.9983 

8.99 74 

0*9952 

0.  9921 

0.9832 

I  t .  60 

0.9989 

0.99  76 

0.9955 

0.992  7 

9890 

11. 70 

0.9990 

8*  9978 

0.9959 

0.9933 

0.9398 

31.80 

0.999! 

0,9979 

0.9962 

0.9938 

0.  9906 

11.98 

0.9991 

0.9981 

0.99  65 

8.9942 

8.991? 

<2,00 

0.9992 

0*9982 

0.9967 

0.9946 

0.9919 

TABLE  VII 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Bean  Numbers  A  and  B  Tj  »  1/4010  Tg  ■  1/2645 

PF  -  10“5 


FOR  RECEIVER  CASE  1 


S/N  RATIO  (OB) 


VELOCITY 

0. 

2. 

4. 

6# 

8  • 

10. 

12. 

105* 

0.000 

0.000 

0.001 

0.002 

0.006 

0.021 

0*062 

I  15. 

0.000 

0.001 

0.004 

0.012 

0.036 

0.038 

0.  1  76 

1 25* 

0.001 

0*004 

0.013 

0.031 

0.090 

0*180 

8.302 

135. 

0.001 

0.003 

3.010 

0.031 

0.0  78 

0.161 

0.279 

143. 

0.000 

0.001 

0.002 

0.006 

0.020 

0.  053 

0.120 

155. 

0.000 

0.000 

0.000 

0.001 

0.005 

0.018 

0. 051 

145. 

0.001 

0.002 

0.008 

0.023 

0.067 

0.147 

0.266 

tn. 

0.  004 

0.013 

0.040 

0.098 

0.  196 

0.328 

0.475 

ms. 

0.010 

0.032 

0.032 

0.  1  12 

8.299 

0*  444 

0.386 

193. 

0.014 

0.042 

0.  101 

0.202 

0.340 

0.496 

0.  647 

AVE  * 

0.003 

0.010 

0.026 

0.039 

0.114 

0.  194 

0.29  6 

14. 

1  6» 

18* 

20. 

22. 

24. » 

105. 

0.  1 53 

0.303 

0.  492 

0.  675 

0.616 

0.906 

115. 

0.290 

3.438 

0.579 

8.706 

8.810 

0.338 

125. 

0*441 

0.  377 

0*  69  6 

0.  790 

0.839 

0.907 

135. 

0.416 

0.534 

0.676 

0.  775 

0.348 

0.900 

145. 

0.223 

0.356 

0*  502 

0*  644 

0.  766 

0.861 

155. 

0.124 

0.250 

0.419 

0.600 

0.  756 

0.  8  66 

163. 

0.409 

0.553 

0*  680 

0.  780 

0.853 

0.903 

173. 

0.413 

0.728 

0.815 

0.878 

0.920 

0.949 

185. 

0.707 

0.801 

0.871 

0.920 

0.9  53 

0.9  74 

195. 

0.775 

0.870 

0.931 

0.966 

0.964 

0.993 

AVE  • 

3.41  6 

0.543 

0*  666 

0.  7  73 

0.857 

0.915 

P.1 {ifly:  ^ 


Beam  Numbers  A  and  B 


TABLE  VII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  HTI  HOPE 

To  «  1/2545 


FOR  RECEIVER  CASE  2 


Pr  « 


1/4010 

io-5 


S/N  RATIO  (DB> 


VELOCITY 

0. 

2, 

4. 

6* 

8. 

10. 

12. 

105. 

0.  000 

0.000 

0.001 

0.W02 

0.008 

0.027 

0.079 

1  1  5. 

0.  000 

0.005 

0.005 

0.  01  6 

0c  046 

0.  107 

0.206 

125. 

0.  00 1 

0.005 

0.017 

0.047 

0.  110 

0.211 

0.341 

135. 

0.  001 

0.004 

0.014 

0.040 

0.09  6 

0.  190 

0.31  6 

145. 

0.000 

0.001 

0.002 

0.008 

0.025 

0.  067 

0.  1  44 

155. 

0.  000 

0.000 

0.001 

0c  002 

0.007 

0.023 

0.065 

1  65. 

0.001 

0.003 

0.010 

0.002 

0.083 

0.  1  75 

0.305 

1  75. 

0.005 

0.017 

0.051 

0.  1  19 

0.230 

0.0  70 

0.  51  7 

185. 

0-014 

0.041 

0.101 

0.203 

0.339 

0.48  7 

0.  625 

195. 

0.  0  i  8 

0.053 

0.124 

0.237 

0.  384 

0.  541 

0.  688 

AVE  a 

0.  004 

0.013 

0.032 

0.071 

0.  133 

0.220 

0.  329 

AVE 


1  4. 

1  6. 

18. 

20. 

22. 

to 

• 

105. 

0.  186 

0.353 

0.  547 

0.  722 

0.8  48 

0.924 

115. 

0.336 

0  -  480 

0.  613 

0.  739 

0.836 

0.906 

125. 

0.482 

0.  61  5 

0.72  7 

0.813 

0.8  76 

0.919 

1  35. 

0.457 

0.593 

0.  709 

0.800 

0.866 

0.912 

145. 

0.2  58 

0.397 

0.  544 

0.  682 

0.  79  7 

0.683 

1  55. 

0. 1  52 

0.292 

0.4  71 

0.  649 

0.  794 

0.891 

1  65. 

0.4  52 

0.594 

0.  713 

0.805 

0.8  70 

0.9  16 

175. 

0.651 

0.  753 

0.337 

0.893 

0.931 

0.955 

185. 

0.  739 

0.325 

0.887 

0.931 

0.960 

07  9  79 

195* 

0.807 

0.891 

0.944 

0.973 

0.988 

0.995 

■ 

0.452 

0.580 

0.  700 

0.801 

0.877 

0.928 

e  j\mp>  ;« _ » .,.{ >^».j-»v«\>*i!- 


TABLE  VII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  B  T-j  *  1/4010  Tg  *  1/2645 

PF  =  10’5 


TOR  RECEIVER  CASE  3 


S/N  RATIO  (DB> 


VELOCITY 

0. 

2. 

4. 

6* 

8. 

10. 

12. 

105. 

0.000 

0.000 

0.001 

0.004 

0.015 

0.053 

0.  155 

115. 

0.00! 

0.002 

0.009 

0.032 

0.091 

0.207 

0.3  72 

125. 

0.002 

0.009 

0.033 

0.09  5 

0.212 

0.379 

0.  562 

135. 

0.002 

0.007 

0.027 

0.080 

0.  187 

0.347 

0.  530 

145o 

0.000 

0.001 

0.004 

0.015 

0.050 

0.132 

0.271 

155. 

0.000 

0.  000 

0.00! 

0.003 

0.013 

0.045 

0.  128 

165. 

0.001 

0.005 

0.020 

0.064 

0.165 

0.328 

0.524 

175. 

0.010 

0.034 

0.10! 

0.23! 

0.415 

0.  609 

0.  771 

185. 

0.027 

0.083 

0.  199 

0.374 

0.570 

0.  741 

0.861 

195. 

0.036 

0. 105 

0.238 

0*  426 

0.  62  6 

0.  794 

0.905 

AVE  * 

0.008 

0.025 

0.063 

0.132 

0.234 

0.  3  63 

0.  508 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.349 

0.595 

0.805 

0.928 

0.9  79 

0.995 

115. 

0.556 

0.  722 

0.847 

0.928 

0.9  72 

0.991 

125. 

0.724 

0.843 

0.919 

0.961 

0.982 

0.992 

135. 

0.  698 

0.825 

0.908 

0.956 

0.980 

0.991 

145. 

0.449 

0.632 

0.  78  6 

0.895 

0.958 

0.98  6 

1  55. 

0.288 

0.51  1 

0.  730 

0.883 

0.9  60 

0.989 

i  65. 

0.704 

0.837 

0.918 

0.9  62 

0.983 

0.993 

175. 

0.879 

0.942 

0.973 

0.988 

0.995 

0.998 

185. 

0.932 

0.9  69 

0.98  7 

0.995 

0.998 

1.000 

195. 

0.9  64 

0.989 

0.997 

0.999 

1.000 

1.000 

AVE  ■ 

0.654 

0.  787 

0.887 

0.950 

0.981 

0.993 
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TALLE  VII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  B 


1/4010 


T2  *  1/2645 


PF  =  10'5 


FOR  RECEIVER  CASE  4 


S/M  RATIO  <D8> 


OCITY 

0. 

2. 

&• 

8. 

10. 

12. 

505. 

0.000 

0.000 

0.001 

0.004 

0.018 

0.0  63 

0.  181 

1 1  5. 

0.001 

0.003 

0*01  1 

0.038 

0.  106 

0.232 

0.405 

125. 

0.003 

0.01  1 

3.039 

0*  1  10 

0.238 

0.411 

0.  594 

135. 

0.002 

0.009 

0.032 

0.093 

0.21  1 

0.3  79 

0.  563 

MS. 

0.000 

0.001 

0.005 

0.019 

0.060 

0.  151 

0.299 

155. 

0.000 

0.000 

0.001 

0.004 

0.015 

0.05  4 

0.149 

165. 

0.002 

0*006 

0.024 

0.076 

0.  188 

0.361 

0.559 

175. 

0.012 

0.041 

0.  1  18 

0.259 

0.450 

0.  643 

0.795 

185. 

0.032 

0.09  7 

0.225 

0.408 

0.  605 

0.  768 

0.8  78 

195. 

0.043 

0.122 

0.267 

0.462 

0.660 

0.819 

0.920 

|  m 

0.010 

0.^329 

0.072 

0.147 

0.255 

0.388 

0.534 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.389 

0^638 

0.835 

0.9  41 

0.983 

0.996 

115. 

0.589 

0.  748 

0.866 

0.939 

0.977 

0.993 

125. 

0.750 

0.861 

0.92Y 

0.967 

0.985 

0.994 

135. 

0.725 

0.845 

0.920 

0.9  62 

0.983 

0.993 

145. 

0.  483 

0.  663 

0*810 

0.910 

0. 9  65 

0.989 

155. 

0.323 

0.551 

0.  764 

0.903 

0*968 

0.991 

165. 

0.  733 

0.856 

0.929 

0.968 

0.986 

0.994 

1  75> 

0.894 

0.950 

0.978 

0.990 

0.996 

0.998 

185. 

0.942 

0.9  74 

0.990 

0.996 

0.999 

1.000 

1  v5. 

0.971 

0.991 

0.998 

1.000 

1.000 

1.000 

1. 

0.680 

0.808 

0.902 

0.9  58 

0.984 

0.995 
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TABLE  VIII 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Nunbers  A  and  B  T1  =  1/2645  T2  *  1/4010 

Ph>  =  10“5 

FOR  RECEIVER  CASE  1 


S/N  RATIO  (OB) 


VELOCITY 

0. 

2. 

4. 

6* 

8  • 

10. 

12. 

105. 

0*  000 

0.000 

0*002 

0.006 

0*020 

0.055 

0*128 

115. 

0.004 

0.012 

0.037 

0.092 

0.187 

0.318 

0.464 

12' 

0.013 

0.0C9 

0.095 

0.  192 

0.323 

0.470 

0.6e9 

135. 

0.010 

0.032 

0.082 

0.  1  72 

0.298 

0*444 

0.585 

145. 

0.002 

0.006 

0.020 

0.055 

0.  126 

0.238 

0.378 

155. 

0.000 

0.000 

0.000 

0.001 

0.005 

0.01  6 

0.047 

165. 

0.000 

0.000 

0.001 

0.002 

0.008 

0.025 

0.064 

175. 

0.000 

0.001 

0.004 

0.013 

0.039 

0.093 

0.  183 

185. 

0.001 

0.003 

0*01  1 

0.032 

0.079 

0.164 

0.  28  6 

195. 

0.002 

0.007 

0.023 

0.068 

0.  1  65 

0.323 

0.515 

AVE  * 

0.003 

0.010 

0.027 

0.063 

0.  125 

0*214 

0.326 

14. 

16. 

18. 

20. 

22. 

24. 

105* 

0.246 

0.  402 

0.5  71 

0.  724 

0.840 

0.916 

115. 

0.  604 

0.721 

0.810 

0.875 

0.919 

0.949 

125. 

0.725 

0.813 

0.876 

0.919 

0.948 

0.967 

135* 

0.706 

0.799 

0.867 

0.913 

0.944 

0.9  64 

1  45. 

0.524 

0.  655 

0.  761 

0.8  40 

0.896 

0.935 

1  55. 

0.117 

0.241 

0.410 

0.594 

0.  752 

0*8  65 

1  65. 

0.138 

0.248 

0.383 

0.523 

0.  650 

0.  755 

175. 

0.307 

0.446 

0.S82 

0.699 

0.  792 

0.861 

185. 

0.  ‘i35 

0.  592 

0.  734 

0*8  44 

0.918 

0.960 

195. 

3.696 

0.831 

0.915 

0.9  60 

0.982 

0.992 

AVE  =< 

3.450 

0.  575 

0.691 

0.789 

0.364 

0.916 
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TABLE  VIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  B  T'j  =  1/2645  T2  *  1/4010 

PF  *  10-5 


TOR  RECEIVER  CASE  2 


S/N  RATIO  <DB> 


VELOCITY 

0. 

2. 

4. 

6* 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.002 

0.008 

0.025 

0.069 

0.  154 

115. 

0.005 

0.016 

0.047 

0.  1 13 

0.220 

0.  359 

0.  507 

125. 

0.017 

0.049 

0.  11  6 

0.225 

0.365 

0.513 

0.  646 

135. 

0.014 

0.041 

0.101 

0.203 

0.339 

0.487 

0.624 

1  45. 

0.002 

0.008 

0.026 

0*069 

0.152 

0.275 

0.421 

155. 

0.000 

0.000 

0.000 

0.002 

0.006 

0.020 

0.060 

165* 

0.000 

0.000 

0.001 

0.003 

0.010 

0.031 

0.080 

175. 

0.000 

0.001 

0.005 

0.017 

0.049 

0.  113 

0.215 

185. 

0.001 

0.  004 

0.014 

0.040 

0.09  7 

0.  193 

0.326 

195. 

0.002 

0.009 

0.030 

0.086 

0.201 

0.3  74 

0.570 

A  VS  a 

0.  004 

0.013 

0.034 

0.077 

0.146 

0.243 

0*360 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.28  6 

0.449 

0*618 

0*762 

0.867 

0.932 

its. 

0*  642 

0.751 

0.832 

0.890 

0.930 

0.956 

125. 

0.754 

0*835 

0.891 

0.930 

0.955 

0.9  71 

135. 

0.737 

0.822 

0.883 

0.924 

0.951 

0.9  69 

145. 

0.  565 

0.690 

0.  788 

0.859 

0.909 

0.944 

155. 

0*  143 

0*283 

0.462 

0.644 

0.  791 

0.889 

165. 

0.165 

0.284 

0.424 

0.562 

0.  684 

0.783 

175. 

0.346 

0.487 

0.619 

0*  730 

0.81  6 

0.877 

185. 

0.480 

0.635 

770 

0.8  70 

0.933 

0.968 

195. 

0.741 

0.861 

0.932 

0.969 

0.98  6 

0.994 

AVE  * 

0.486 

0.610 

0.  722 

0*814 

0.882 

0.928 
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TABLE  VIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Nunbers  A  and  B  ^  =  1/2645  T2  =  1/4010 

PF  =  10~5 


FOR  RECEIVER  CASE  3 


S/N  RATIO  <DB) 


VELOCITY 

0. 

2. 

4. 

6* 

8. 

10. 

12. 

10S. 

0.000 

0.001 

0.004 

0.015 

0.050 

0.137 

0.292 

115. 

0.009 

0.032 

0.094 

0.219 

0*400 

0.  596 

0.  761 

125. 

0.033 

0.098 

0.226 

0.408 

0*603 

0.  766 

0.876 

135. 

0*027 

0.082 

0*198 

0.373 

0.570 

0.  741 

0.8  60 

145. 

0.004 

0.015 

0.051 

0.138 

0.289 

0*482 

0.  670 

155. 

0.000 

0.000 

0.001 

0.003 

0.01  1 

0.040 

0.  118 

165. 

0.000 

0.000 

0*001 

0.005 

0.020 

0.063 

0.  156 

175. 

0*001 

0.002 

0.010 

0.034 

0.098 

0.217 

0.  385 

18  5. 

0.002 

0.007 

0.027 

0*080 

0.  189 

0.352 

0.544 

195. 

0.004 

0.016 

0. 059 

0.170 

0.373 

0.622 

0.825 

AVE  * 

0*008 

0.  025 

0.067 

0.  145 

0.260 

0.  402 

0.549 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0*498 

0.704 

0.859 

0*946 

0.983 

0.996 

115. 

0.873 

0.938 

0.972 

0.988 

0.995 

0.998 

125* 

0.940 

0.973 

0.988 

0*995 

0.998 

0.999 

135. 

0*931 

0.9  69 

0.98  6 

0.994 

0.998 

0.999 

145* 

0.813 

0.905 

0.955 

0.980 

0.992 

0.997 

155. 

0.274 

0.49  7 

0.  722 

0.880 

0.959 

0.989 

1  65. 

0.306 

0.48  7 

0.  661 

0.800 

0.893 

0.948 

175. 

0*568 

0*  729 

0.847 

0.921 

0.962 

0.983 

185* 

0.727 

0*866 

0.948 

0.983 

0.996 

0.995 

195. 

0.937 

0*982 

0.996 

0.999 

1.000 

1.000 

AVE  « 

0.687 

0.805 

0.893 

0.949 

0.9  78 

0.991 
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TABLE  VIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  f-HDDE 


Beam  Numbers  A  and  B 


T]  ■  1/2645 
PF  »  10'5 


1/4010 


TOR  RECEIVER  CASE  4 


VELOCITY 

105. 

1  5« 
125. 
135* 
145. 
155. 
165. 
173. 
185. 
195. 

AVE  * 


0. 

0.000 
0.01  I 
0.040 
0.032 
0.005 
0.000 
0.000 
0.001 
0.002 
0.005 


S/R  RATIO  <DB) 
4.  6* 


0.001 
0.038 
0*  !  14 
0*09  5 
0.018 
0.000 
0.000 
0.003 
8.009- 
0.020 


0.005 
0. 1 19 
0.234 
0.224 
0.061 
0.00) 
0*  002 
0.012 
9.032 
0*070 


0.018 
0*247 
0.443 
C.  408 
0.158 
0.003 
0.  006 
0.041 
0.074 
0.  197 


8». 

0*060 
0.435 
0.637 
0.  604 
0.  321 
0.014 
0.024 
0*113 
0.213 
0.415 


0.010  0.010  0.077  0.162  0*283 


10. 

0. 1  58 
0*630 
0.  791 
0.  767 
0.518 
0.048 
0.074 
0.243 
0.384 
0.  664 

0*428 


1<>. 


16. 


105. 

3.537 

0.737 

US. 

•*•889 

0.947 

185. 

0. 948 

0.977 

I3S. 

0.941 

0.973 

145. 

0.835 

0.917 

155. 

0.308 

0.539 

1  65. 

0.336 

0.  520 

175. 

0*  600 

8.  734 

(85. 

0.756 

0.885 

195. 

0*950 

0.986 

■ 

0*7(0 

0*824 

10. 

£0. 

ro 

CO 

. 

0*880 

0*956 

0.907 

8.9  76 

0.990 

0*99  6 

8.996 

0.996 

0.998 

0.986 

0.995 

0*998 

0.962 

0.983 

0.993 

0.  756 

0.900 

3.967 

0.  690 

0.821 

0.906 

0.8  64 

0.931 

0.9  68 

0.957 

8.987 

0.99  7 

0.99  7 

0.999 

1 . 000 

0.906 

0.956 

0*901 

24* 

0.997 
0.998 
0.990 
0.999 
0.99  7 
0.991 
0.955 
0.  3C6 
0.999 
1.000 

0.992 


*(attiF3g}!iaiTlSiBffil¥a>1 


12. 

0.325 
0.  786 
0.892 
0.870 
0*700 
0.138 
0.  1  78 
0*4)8 
0.578 
0*«#Y 

0.  : 


TABLE  IX 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  E 

O 

O 

\ 

r— 

II 

H— ~ 

T2  =  1/2645 

PF  =  TO"5 

FOR  RECEIVER 

VELOCITY 

!  CASE  1 

0. 

S/N  RATIO 
2.  4. 

(DB) 

6. 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.002 

0.007 

0.024 

0.068 

0.  1  61 

115. 

0.00  4 

0.012 

0.037 

0.092 

0.  187 

0.318 

0.464 

125. 

0.013 

0.039 

0.095 

0.192 

0.323 

0.470 

0.609 

135. 

0.010 

0.032 

0.082 

0.172 

0.298 

0.444 

0.585 

145. 

0.002 

0.00  6 

0.020 

0.055 

0.126 

0.238 

0.378 

155. 

0.000 

0.000 

0.001 

0.003 

0.009 

0.030 

0.087 

165. 

0.001 

0.002 

0.008 

0.025 

0.067 

0.147 

0.266 

1  75. 

0.004 

0.013 

0.040 

0.098 

0.  196 

0.328 

0.475 

185. 

0.011 

0.032 

0.082 

0.172 

0.299 

0.446 

0.589 

195. 

0.015 

0.044 

0. 109 

0.222 

0.380 

0.557 

0.718 

AVE  « 

0.00  6 

0.018 

0.048 

0. 104 

0.191 

0.305 

0.433 

1  4. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.310 

0. 49  5 

0 . 674 

0.813 

0.904 

0.954 

115. 

0. 604 

0.721 

0.812 

0.878 

0.925 

0.956 

125. 

0.725 

0.813 

0.8  76 

0.919 

0.948 

0.967 

135. 

0.706 

0.799 

0.867 

0.913 

0.944 

0.9  64 

145. 

0.524 

0.656 

0. 764 

0.845 

0.904 

0.944 

1  55. 

0.200 

0.369 

0.561 

0.732 

0.854 

0.927 

1  65. 

0.409 

0.553 

0. 680 

0.780 

0.853 

0.904 

1  75. 

0.613 

0.728 

0.815 

0.878 

0.920 

0.949 

185. 

0.713 

0.812 

0.885 

0.935 

0.966 

0.983 

195. 

0.840 

0.917 

0.961 

0.982 

0.992 

0.997 

AVE  « 

0.564 

0.687 

0. 790 

0.868 

0.921 

0.955 

TABLE  IX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Nunbers  A  and  E  T]  =  1/4010  T2  =  1/2645 

PF  =  10"5 


FOR  RECEIVER  CASE  2 


S/N  RATIO  CDB) 


VELOCITY 

0. 

2. 

4. 

6  • 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.003 

0.009 

0.030 

0.085 

0.194 

115. 

0.005 

0.016 

0.047 

0.113 

0.220 

0.359 

0.507 

125. 

0.017 

0.049 

0.116 

0.225 

0.36S 

0.513 

0.646 

135. 

0.014 

0.041 

0.101 

0.203 

0.339 

0.487 

0.624 

145. 

0.002 

0.008 

0.026 

0.069 

0.152 

0.275 

0.421 

1  55. 

0.000 

0.000 

0.001 

0.003 

0.012 

0.039 

0.109 

1  65. 

0.001 

0.003 

0.010 

0.032 

o.oea 

0.175 

0.305 

175. 

0.005 

0.017 

0.051 

0.  1  19 

0.230 

0.370 

0.517 

185. 

0.014 

0.041 

0.101 

0.204 

0.340 

0.489 

0.628 

195. 

0.019 

0.056 

0.133 

0.261 

0.429 

0.007 

0.759 

AVE  * 

0.008 

0.023 

0.059 

0.124 

0.220 

0.340 

0.471 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.359 

0.549 

0.720 

0.845 

0.922 

0.9  64 

115. 

0.642 

0.752 

0.835 

0.894 

0.936 

0.963 

125. 

0.754 

0.835 

0.891 

0.930 

0.955 

0.971 

135. 

0.737 

0.822 

0.883 

0.924 

0.951 

0.9  69 

145. 

0.566 

0.692 

0.791 

0.665 

0.918 

0.953 

155. 

0.239 

0.422 

0. 61  4 

0.773 

0.880 

0.942 

165. 

0.452 

0,594 

0.713 

0.805 

0.871 

0.916 

i  75. 

0.651 

0.758 

0.837 

0.893 

0.931 

0.955 

18S. 

0.746 

0.837 

0.902 

0.946 

0.973 

0.987 

195. 

0.867 

0.933 

0.969 

0.986 

0.994 

0.998 

AVE  * 

0.601 

0.719 

0.816 

0.886 

0.933 

0.962 
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TABLE  IX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Nunbers  A  and  E  T-,  =  1/4010  T2  =  1/2645 

PF  =  10"5 


FOR  RECEIVER  CASE  3 


S/N  RATIO  CDB) 


VELOCITY 

0. 

2. 

4. 

6  • 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.0^4 

0.017 

0.059 

0.  1  66 

0.356 

115. 

0.009 

0.032 

0.094 

0.219 

0.400 

0.596 

0.761 

125. 

0.033 

0.093 

0.226 

0.408 

0. 603 

0.766 

0.876 

135. 

0.027 

0.082 

0. 1  5  B 

0.373 

0.570 

0.741 

0.860 

145. 

0.004 

0.01S 

0.05? 

0.138 

0.289 

0.482 

0.670 

1  53. 

0.000 

0.000 

0.001 

0.006 

0.022 

0.077 

0.209 

165. 

0.001 

0.005 

0.020 

0.064 

0.165 

0.328 

0.524 

175. 

0.010 

0.034 

0.101 

0.231 

0.415 

0.  609 

0.771 

185. 

0.027 

0.083 

0.199 

0.374 

0.571 

0.  742 

0.863 

195. 

0.038 

0.110 

0.253 

0.459 

0.675 

0.843 

0.939 

AVE  * 

0.015 

0.046 

0.115 

0.229 

0.377 

0.535 

0.683 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.591 

0.794 

0.918 

0,974 

0.993 

0.998 

1  1  5. 

0,873 

0.939 

0.9  72 

0.989 

0.996 

0.999 

125. 

0.940 

0.973 

0.988 

0.995 

0.998 

0.999 

135. 

0.931 

0.969 

0.986 

0.9  94 

0.998 

0.999 

145, 

0.814 

0.905 

0.956 

0 . 9  A  1 

0.993 

0.998 

155. 

0.426 

0. 665 

0.847 

0.945 

0.984 

0.996 

165. 

0.704 

0.837 

0.918 

0.962 

0.983 

0.993 

1  75. 

0.879 

0.942 

0.973 

0.988 

0.995 

0.998 

185. 

0.935 

0.973 

0.990 

0,997 

0.999 

1.000 

195. 

0.981 

0.995 

0.999 

1  .000 

1.000 

1.000 

AVE  * 

0.80  7 

0.899 

0.955 

0.983 

0.994 

0.998 
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TABLE  IX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E  T^  =  1/4010  T2  -  1/2645 


PF  =  10"5 


FOR  RECEIVER  CASE  4 


VELOCITY 

0. 

S/N 

2. 

l  RATIO 
4. 

105. 

0.000 

0.001 

0.005 

115. 

0.01  1 

0.038 

0.  1  10 

125. 

0.040 

0.114 

0.254 

135. 

0.032 

0.096 

0.224 

145. 

0.005 

0.018 

0.061 

155. 

0.000 

0.001 

0.002 

165. 

0.002 

0.006 

0.024 

1  75. 

0.012 

0.041 

0.1  18 

185. 

0.032 

0.097 

0.225 

195. 

0.045 

0.128 

0.284 

AVE  = 

0.0.8 

0.054 

0.131 

14. 

16. 

18. 

105. 

0.631 

0.822 

0.933 

115. 

0.889 

0.947 

0.977 

125. 

0.948 

0.977 

0.990 

135. 

0.941 

0.973 

0.988 

145. 

0.835 

0.918 

0.963 

1  55. 

0.467 

0.703 

0.871 

1  65. 

0.733 

0.856 

0.929 

175. 

0.894 

0.950 

£.978 

185. 

0.945 

0.977 

0.992 

195. 

0.985 

0.996 

0.999 

AVE  * 

0.82  7 

0.912 

0.9  62 

(DB) 


6  • 

8. 

10. 

12. 

0.021 

0.071 

3.191 

0.394 

0.247 

0.435 

0.630 

0.786 

0.443 

0.637 

0.791 

0.892 

0.408 

0. 604 

0.767 

0.378 

0.158 

0.321 

0.518 

0.700 

0.007 

0.027 

0.091 

0.239 

0.076 

0.188 

0.361 

0.559 

0.259 

0.450 

0.643 

0.795 

0.408 

0.605 

0.769 

0.880 

0.498 

0.710 

0.8  66 

0.950 

0.253 

0.405 

0.563 

0.70  7 

20. 

22. 

24. 

0.980 

0.995 

0.999 

0.991 

0.996 

0.999 

0.996 

0.998 

0.999 

0.995 

0.998 

0.999 

0.985 

0.994 

0.998 

0.956 

0.988 

0.997 

0.968 

0.986 

0.994 

0.990 

0.996 

0.998 

0.998 

0.999 

1.000 

1  .000 

1.000 

1.000 

0.986 

0.995 

0.998 

■  ii:  Xkjt 


TABLE  X 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A,  B,  E  and  F  T -j  =  1/4010 

T2  =  1/2645 

PF  =  10‘5 

FOR  RECEIVER  CASE  1 

VELOCITY  0. 

S/N  RATIO 
2.  4. 

(DB) 

6  • 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.002 

0  .008 

0.025 

0.074 

0.181 

115. 

0.004 

0.013 

0.041 

0.103 

0.218 

0.381 

0.564 

125. 

0.014 

0.042 

0.107 

0.223 

0.388 

0.571 

0.733 

135. 

0.011 

0.035 

0.092 

0.199 

0.356 

0.539 

0.707 

145. 

0.002 

0.007 

0.022 

0.061 

0.144 

0.280 

0.456 

155. 

0 . 000 

0  .000 

0.001 

0*003 

0.010 

0.033 

0.095 

165. 

0.001 

0  .002 

0.008 

0.027 

0.074 

0.168 

0.315 

175. 

0.004 

0.015 

0.044 

0.110 

0.228 

0.394 

0.577 

185. 

0.011 

0.035 

0.092 

0.199 

0.357 

0.540 

0.710 

195. 

0.01  6 

0.048 

0.122 

0.257 

0.448 

0.657 

0.827 

AVE  * 

0.006 

0.020 

0.0  53 

0.119 

0.225 

0.364 

0.517 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.358 

0.579 

0.778 

0.907 

0.969 

0.992 

115. 

0.728 

0.849 

0.924 

0.965 

0.985 

0.995 

125. 

0.652 

0.925 

0.965 

0.984 

0.993 

0.997 

135. 

0.8  34 

0.915 

0.960 

0.982 

0.992 

0.997 

145. 

0.636 

0.784 

0.886 

0.946 

0.977 

0.991 

155. 

0.225 

0.426 

0.652 

0.833 

0.937 

0.981 

1  65. 

0.495 

0.670 

0.009 

0.900 

0.952 

0.978 

1  75. 

0.738 

0.855 

0.927 

0.966 

0.985 

0.993 

185. 

0.839 

0.922 

0.967 

0.988 

0.996 

0.999 

195. 

0.930 

0.977 

0.994 

0.999 

1  .000 

1  .000 

A  VE  " 

0.664 

0.790 

0.e86 

0.947 

0.979 

0.992 

1 


l 


Beam  Numbers  A, 


TABLE  X  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
B,  E  and  F  T}  =  1/4010  =  1/2645 


Pf  =  10-5 


VOR  RECEIVER  CASE  2 


1 


| 

( 


VEL>CITY  0. 


1  5. 

0  *000 

0.001 

0 

15. 

0.005 

0.017 

0 

12. 

0.018 

0.054 

0 

13. 

0.015 

0.045 

0 

14' 

0.002 

0.008 

0 

1  55 

0.000 

0.000 

0 

l  65 

0.001 

0-003 

0 

1  75. 

0.006 

0.019 

0 

185. 

0.015 

0.045 

0 

195. 

0.021 

0.061 

0 

B 

0.008 

0.025 

0 

RATIO 

<DB) 

4* 

6  . 

8. 

10. 

.003 

0.010 

8.033 

0.094 

.052 

0.127 

0.257 

0.431 

.131 

0.263 

0.439 

0.621 

.114 

0.236 

0.406 

0.590 

•  028 

0.077 

0.174 

0*325 

•  001 

0.004 

0.013 

0.042 

•  011 

0.035 

0.093 

0.202 

.055 

0.135 

0.269 

0.445 

•  114 

0.237 

0.407 

0.592 

.150 

0.303 

0.506 

0.711 

.066 

0.143 

0.260 

0.405 

105. 
1  15* 
125. 
135. 
1 45. 
i  55. 
T  65. 
175. 
185. 
195. 


AVE  - 


14. 

16. 

18. 

0.41  5 

0.639 

0.823 

1.769 

0.876 

0.939 

6*876 

0.940 

0  ,  '  72 

0.863 

0.932 

0*9  68 

0*684 

0.819 

0.S08 

0.271 

0.487 

0.709 

0.547 

0.716 

0.841 

0.778 

0.881 

0.942 

0.868 

0.938 

0.975 

0.949 

0.904 

0.996 

0.702 

0.821 

0.907 

20. 

22. 

24. 

0.93! 

0.979 

0.994 

0.973 

0.989 

0.996 

0.988 

0.995 

0.998 

0.986 

0.994 

0.997 

0.957 

0.982 

0.994 

0.871 

0.955 

0.987 

0.919 

0.962 

0.983 

0.973 

0.988 

0.995 

0.991 

0.997 

0.999 

0.999 

1  .000 

1  *000 

0.959 

0.964 

0.994 

12. 

0.219 

0.615 

0.773 

0.750 

0.508 

0.123 

0.363 

0.627 

0.753 

0.864 

0.559 


TABLE  X  (Continued) 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A,  B,  E  and  F  T-j  =  1/4010  T?  =  1/2645 

Pp  =  10"5 


FOR  RECEIVER  CASE  3 


S/N  RATIO  <DB> 


VELOCITY 

0. 

2* 

4. 

6. 

8. 

10. 

12* 

105. 

0 .000 

0.001 

0.005 

0.018 

0 .064 

0.181 

0.397 

115. 

0.009 

0*034 

0.103 

0.245 

0  *460 

0.688 

0.859 

125. 

0.035 

0.107 

0.253 

0.469 

0.696 

0.864 

0.952 

135. 

0.028 

0.089 

0.221 

0.427 

0.658 

0.840 

0.941 

145. 

0.004 

0.016 

0  *055 

0.151 

0.327 

0.557 

0.768 

155. 

0.000 

0 .000 

0*002 

0.006 

0.024 

0.082 

0.228 

165. 

0.001 

0.005 

0.021 

0.069 

0.182 

0.373 

0.605 

175. 

0.010 

0.037 

0.110 

0.259 

0.477 

0.703 

0.868 

185. 

0.029 

0.089 

0.221 

0.428 

0.659 

0.841 

0.943 

195. 

0c040 

0.120 

0.283 

0.522 

0.763 

0.919 

0.982 

AVE  « 

0.016 

0.050 

0.127 

0.260 

0.431 

0.605 

0.754 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.664 

0.873 

0.969 

0.995 

1  .000 

1  .000 

115. 

0.950 

0.986 

0.997 

0.999 

1  .000 

1  .000 

125. 

0.986 

0.997 

0.999 

1  .000 

1  .000 

1  .000 

135. 

0.983 

0.996 

0.999 

1  .000 

1  .000 

1  .000 

145. 

0.905 

0*969 

0.992 

0.998 

1  .000 

1  .000 

155. 

0.474 

0.742 

0.917 

0.984 

0.998 

1  .000 

165. 

0.804 

0.924 

0.976 

0.994 

0.999 

1  .000 

175. 

0.954 

0.987 

0.997 

0.999 

1  .000 

1  .000 

185. 

0.984 

0.996 

0.999 

1  .000 

1  .000 

1  .000 

195. 

0.997 

1  .000 

l  .000 

l  .000 

1  *000 

i  .000 

AVE  » 

0.870 

e.947 

0.985 

0.997 

1  .000 

1  .000 

TABLE  X  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  M7I  lODE 
Beam  Numbers  A,  B,  E  and  F  J}  =  1/4010  T2  =  ’/2645 

PF  =  10'S 


FOR  RECEIVER  CASE  4 


S/N  RATIO  <DB> 


VELOCITY 

0. 

2. 

4. 

6  * 

8. 

10. 

12. 

105* 

0.000 

0.002 

0.006 

0.022 

0.076 

0.209 

0.441 

US. 

0.011 

0.041 

0.120 

0.277 

0 . 500 

0.724 

0.881 

125. 

0.043 

0.125 

0.285 

0*510 

0.732 

0.886 

0.961 

135. 

0.034 

0.105 

0.250 

0*468 

0.696 

0.864 

0.953 

145* 

0.005 

0.019 

0.065 

0.175 

0.364 

0.597 

0.799 

155. 

0 .000 

0.001 

0.002 

0.007 

0.029 

0.098 

0.262 

165. 

0.002 

0*007 

0.026 

0.082 

0.208 

0.412 

0.645 

175. 

0.012 

0.044 

0.129 

0.292 

0.518 

0.738 

0*889 

185. 

0.034 

0.105 

0.251 

0.468 

0.697 

0.866 

0.954 

195. 

0.048 

0.140 

0.319 

0.566 

0.798 

0.936 

0.987 

AVE  ■ 

0.019 

0.059 

0.145 

0.287 

0.462 

0.633 

0.777 

14. 

16. 

IS. 

20. 

22. 

24. 

105. 

0.708 

0.896 

0.977 

0.997 

1  .000 

1  .000 

115* 

0.960 

0.989 

0.997 

1  .000 

1  .000 

1  .000 

125* 

0.989 

0.998 

0.999 

l  .000 

1.000 

1.000 

135. 

0.987 

0.997 

0.999 

1  .000 

1  .000 

1  .000 

145. 

0.922 

0.976 

0.994 

0.999 

1  .000 

1  .000 

155. 

0.521 

0.781 

0.936 

0.988 

0.999 

1  .000 

165. 

0*832 

0.938 

0.982 

0.995 

0.999 

1  .000 

175. 

0.963 

0.990 

0.998 

1  .000 

1  *000 

1.000 

185. 

0.988 

0.997 

1.000 

1  .000 

1  .000 

1.000 

195. 

0.998 

1.000 

1  .000 

1  .000 

1  .000 

1  .000 

AVE  - 

0.887 

0*956 

0.988 

0.998 

1  .000 

1  .000 

T7>BLL  XT 


:::)M  PRC»PABIi.ITV  FOR 


;in:  Numbers  A,  B.  :  .  <  ,  F,  C  ar.d  H 

n  -  1/401  f:  To  : 

rp  =  10 


FOR  RECEIVER  CASF 


S/N  RATIO 


VELOCITY 

0. 

2. 

4. 

105. 

0.000 

0.001 

0.002 

115. 

0.004 

0.014 

0.041 

125. 

0.014 

0.043 

0.110 

135. 

0.012 

0.036 

0.094 

145. 

0.002 

0.007 

0.022 

155. 

0.000 

0.000 

0.001 

165. 

0.001 

0.003 

0.009 

175. 

0.004 

0.015 

0.045 

185. 

0.012 

0.036 

0.094 

195. 

0.016 

0.049 

0.125 

AVE  - 

0 .007 

0.020 

0.054 

14. 

16. 

18. 

105. 

0.372 

0.607 

0.815 

115- 

0.778 

0.897 

0.960 

125. 

0.900 

0.961 

0.987 

135. 

0.884 

0.953 

0.964 

145. 

0  •  680 

0.835 

0.930 

155. 

0.231 

0.442 

0.682 

165. 

0.526 

0.717 

0.859 

175. 

0.788 

0.903 

0.962 

185. 

0.888 

0.958 

0.987 

195. 

0.958 

0.991 

0.998 

AVE  ■ 

0.701 

0.026 

0.917 

COHERED  ?•*”  MODE 


1/264J 


(DB> 


6  * 

8. 

10. 

12* 

0.008 

0.026 

0.076 

0.186 

0.106 

0.226 

0.401 

0.602 

0.232 

0.409 

0.609 

0 .783 

0.206 

0.374 

0.574 

0.756 

0.062 

0.148 

0.293 

0.484 

0.003 

0.010 

0.034 

0.097 

0.028 

0.076 

0.174 

0.330 

0.113 

0.237 

0.415 

0.616 

0.206 

0.375 

0.576 

0.759 

0.266 

0.471 

0.694 

0.867 

0.123 

0.235 

0.385 

0.548 

20. 

22. 

24. 

0.938 

0.985 

0.997 

0.987 

0.997 

0.999 

0.996 

0.999 

1  .000 

0.995 

0.999 

1  .000 

0.975 

0.993 

0.998 

0.868 

0.962 

0.992 

0.941 

0.979 

0.994 

0.988 

0.996 

0.999 

0.997 

0.999 

1  .000 

1  .000 

1  .000 

1  .000 

0.969 

0.991 

0.99X 
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TABLE  XI  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A,  B,  C,  D,  E,  F,  G  and  H 

Ti  =  1/4010  T2  =  1/2645 

Pp  a  10“5 


FOR  RECEIVER  CASE  2 


S/N  RATIO  (DB) 


VELOCITY 

0. 

2. 

4. 

6  . 

8* 

10. 

12. 

105. 

0.000 

0.001 

0.003 

0.010 

0.033 

0.096 

0.226 

115. 

0.005 

0.018 

0.053 

0.131 

0.258 

0.456 

0.656 

125. 

0.018 

0.055 

0.135 

0.274 

0.464 

0.663 

0.823 

135. 

0.015 

0.046 

0.117 

0.245 

0.428 

0.629 

0.799 

145. 

0.002 

0.009 

0.028 

6.078 

0.183 

0.341 

0.540 

155. 

0.000 

0.000 

0.001 

0  .004 

0.013 

0.043 

0.122 

1  65* 

0.001 

0.003 

0.011 

0.036 

0.095 

0.209 

0.381 

175. 

0.006 

0.019 

0.057 

0.139 

0.280 

0.470 

0.669 

185. 

0.015 

0.046 

0.117 

0.246 

0.429 

0.631 

0.802 

19S. 

0.021 

0.062 

0.154 

0.314 

0.532 

0.750 

0.901 

AVE  « 

0 .008 

0*026 

0.067 

0.148 

0.272 

0.429 

0.592 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.432 

0.670 

0.859 

0.958 

0-991 

0.999 

115. 

0.819 

0.921 

0.971 

0.991 

0.998 

1  .000 

125. 

0.923 

0.971 

0.991 

6.997 

0.999 

1  .000 

135. 

0.909 

0.966 

0.989 

0.997 

0.999 

1  .000 

145. 

0.730 

0.869 

0.947 

0.983 

0.995 

0.999 

155^ 

0.278 

0.506 

0.742 

0.904 

0.975 

0.995 

165. 

0.583 

0.764 

0.889 

0.956 

0.985 

0.996 

175. 

0.828 

0.925 

0.972 

0.991 

0.998 

0.999 

105. 

0.914 

0.970 

0.992 

0.998 

1  .000 

1  .000 

195. 

0.972 

6.994 

0.999 

1  .000 

1  .000 

1  .000 

AVE  - 

0.739 

0.856 

0.935 

0.977 

0.994 

0.999 

is 


TABLE  XI  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A,  B,  C,  0,  E,  F,  G  and  H 

Ti  =  1/4010  T2  =  1/2645 

PF  =  io-' 


FOR  RECEIVER  CASE  3 


S/N 

RATIO 

CD8> 

VELOCITY 

0. 

2. 

4. 

6  * 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.005 

0.018 

0.065 

0.184 

0.407 

115. 

0.009 

0.034 

0.104 

0.251 

0.476 

0.718 

0.892 

125. 

0.036 

0.108 

0.259 

0.486 

0.727 

0.896 

0.973 

135. 

0.029 

0.091 

0.225 

0.442 

0.687 

0.874 

0.964 

145. 

0.004 

0.016 

0.056 

0.154 

0.336 

0.579 

0.802 

155. 

0.000 

0  .001 

0.002 

0.006 

0.024 

0.083 

0.232 

165. 

0.001 

0.006 

0.021 

0.070 

0.186 

0.385 

0.631 

175. 

0.010 

0.037 

0.112 

0.265 

0.494 

0.734 

0.900 

185. 

0.029 

0.091 

0.226 

0.442 

0.688 

0.875 

0.965 

195. 

0.041 

0.122 

0.290 

0.540 

0.792 

0.944 

0.992 

AVL  - 

0.016 

0.051 

0.130 

0.268 

0.447 

0.627 

0.776 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.687 

0.899 

0.983 

0.999 

1  .000 

1  .000 

115. 

0.971 

0.994 

0.999 

1  .000 

1  .000 

1  *000 

125. 

0.995 

0.999 

1  .000 

1  .000 

1  .000 

1  .000 

135. 

0.993 

0.999 

1  .000 

1  *000 

1  *000 

1  .000 

145* 

0.934 

0.985 

0.996 

1  .000 

1  .000 

1  .000 

155. 

0.486 

0.765 

0.940 

0.992 

0.999 

i  .000 

165. 

0.838 

0.950 

0.989 

0.998 

1  .000 

1  .000 

175. 

0.974 

0.995 

0.999 

1  .000 

1  .000 

1  .000 

185. 

0.994 

0.999 

1  .000 

1  .000 

1  .000 

1  .000 

195. 

0.999 

1  .000 

1  .000 

1  .000 

1  .000 

1  .000 

A  VS  ■ 

0.887 

0  .959 

0.991 

0.999 

1  .000 

1  .000 

TABLE.  XI  (urn1. 
DETECTION  PROBABK  ITV 
Beam  Number-:  B,  C,  D,  E,  F,  G  and  H 

T;  =  1/4010  Tv 


FOR  RECEIVER  CASE  4 


S/N  RATIO 


VELOCITY 

0. 

2. 

4. 

105* 

0.001 

0.002 

0  .006 

115. 

0.011 

0.041 

0.122 

125. 

0.043 

0.127 

0*292 

135. 

0.035 

0.106 

0.256 

145. 

0.005 

0.020 

0*066 

155. 

0.000 

0*001 

0.002 

165* 

0.002 

0.007 

0.026 

175. 

0.013 

0*045 

0.131 

185- 

0.035 

0.107 

0.257 

195. 

0.049 

0.142 

0.327 

AVE  • 

0.019 

0.060 

0.148 

14. 

16. 

18. 

105* 

0.731 

0*922 

0.989 

115. 

0.978 

0.996 

0.999 

125* 

0.996 

0.999 

1  .000 

135. 

0*995 

0.999 

1  .000 

145. 

0.949 

0.989 

0.998 

155. 

0.534 

0.805 

0.956 

165. 

0*866 

0*962 

0.992 

175. 

0.980 

0.997 

1  .000 

185* 

0.995 

0.999 

1  .000 

195. 

1  .000 

1  .000 

1  .000 

AVE  - 

0.902 

0.967 

0.993 

COHERENT  MTI  MOD: 


1/2645 


CDB  ) 


6  . 

8. 

10. 

12. 

0.023 

0.077 

0.213 

0.452 

0.284 

0.519 

0.756 

0.913 

0.529 

0*764 

0.917 

0.979 

0.484 

0.726 

0.897 

0.973 

0.178 

0.375 

0.622 

0*833 

0.008 

0.029 

0.099 

0.266 

0.083 

0.213 

0.425 

0.673 

0.299 

0.537 

0.771 

0.920 

0.485 

0.727 

0.898 

0.974 

0.586 

0*828 

0.958 

0.995 

0.296 

0.480 

0 .656 

0.798 

20. 

22. 

24. 

0.999 

1  *000 

1  .000 

1  .000 

1  *000 

1  *000 

1  *000 

1.000 

1  .000 

1  .000 

1  *000 

1  .000 

1  .000 

1.000 

1  .000 

0.995 

1  .000 

1.000 

0.999 

1.000 

1.000 

1.000 

1  *000 

1.000 

1  .000 

1.000 

1  .000 

1.000 

1.000 

1  .000 

0.999 

1  .000 

l  .000 

so 


TABLE  XII 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  3 


^  =  1/3268  T2  =  1/4050 

PF  =  10'5 


TOR  RECEIVER  CASE  1 


S/M  RATIO  (DB) 


VELOCITY 

0. 

2. 

4. 

6. 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.004 

0.013 

0.037 

0.090 

0.180 

1  1  5. 

0.000 

0 . 000 

0.001 

0.003 

0.011 

0.033 

0.081 

125. 

0.000 

0.000 

0  •  000 

0.001 

0.004 

0.014 

0.043 

1  35. 

0.001 

0.003 

0.009 

0.028 

0.074 

0.159 

0.282 

145. 

0.006 

0.019 

0.053 

0.122 

0.232 

0.371 

0.517 

1  55. 

0.013 

0.039 

0.096 

0.194 

0.326 

0.473 

0.61  1 

165. 

0.012 

0.036 

0.089 

0.  183 

0.312 

0.459 

0.599 

1  75. 

0.004 

0.013 

0.  039 

0.097 

0.194 

0.  327 

0.473 

155. 

0. 000 

0.001 

0.004 

0.015 

0.043 

0.104 

0.206 

195. 

0.000 

0.000 

0  •  000 

0.001 

0.002 

0.006 

0.021 

AVE  = 

0.004 

0.011 

0.0  30 

0.066 

0.124 

0.203 

0.301 

1  4. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.  302 

0.441 

0.577 

0.69  6 

0.789 

0.859 

1  15. 

0.166 

0.285 

0. 423 

0.561 

0.  685 

0.786 

125. 

0.115 

0.247 

0.429 

0.620 

0.777 

0.883 

135. 

0.  428 

0.573 

0.  702 

0.805 

0.881 

0.933 

145. 

0.649 

0.  756 

0.836 

0.892 

0.930 

0.955 

1  55. 

0.726 

0.814 

0.877 

0.920 

0.948 

0.967 

1  65. 

0.717 

0.807 

0.872 

0.9  17 

0.946 

0.966 

1  75. 

0.61  1 

0. 727 

0.815 

0.877 

0.920 

0.949 

185. 

0. 342 

0.49  1 

0.  632 

0.752 

0.845 

0.911 

195. 

0.064 

0.  1  57 

0.310 

0.501 

0.  684 

0.823 

AVE  = 

0.412 

0.530 

0. 647 

0.754 

0.  841 

0.903 

1 1 
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TAPLE  XII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MT I  MODE 
Beam  Numbers  A  and  R 

T ]  =  1/326P  T2  =  1/4950 

PF  =  10'5 


FOR  RECEIVER  CASE  2 


t 


S/M  RATIO  (DB) 


VELOCITY 

0. 

2. 

4. 

r> . 

8. 

10. 

12. 

105. 

0.000 

0.001 

0.005 

0.017 

0.047 

0.110 

0.211 

115. 

0.000 

0 . 000 

0.001 

0.004 

0.014 

0.042 

0.  100 

125. 

0 . 000 

0.000 

0.000 

0.001 

0.005 

0.0  18 

0.056 

1  35. 

0.001 

0.003 

0.012 

0.036 

0.092 

0.  189 

0.322 

145. 

0.007 

0.024 

0.066 

0. 147 

0.2  68 

0.413 

0.559 

1  55. 

0.017 

0.050 

0.118 

0.227 

0.368 

0.5!  5 

0.649 

165. 

0.015 

0.045 

0.  109 

0.215 

0.353 

0.50  1 

0.637 

1  75. 

0.005 

0.017 

0.050 

0.118 

0.228 

0.368 

0.516 

185. 

0.000 

0.002 

0.006 

0.019 

0.055 

0.127 

0.241 

195. 

0 . 000 

0.000 

0 . 000 

0.001 

0.002 

0.008 

0.028 

AVE  = 

0.00  5 

0.014 

0.037 

0.0  79 

0.143 

0.229 

0.332 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0 . 34  1 

0.482 

0.615 

0.727 

0.813 

0.876 

1  15. 

0.195 

0.323 

0.464 

0. 600 

0.717 

0.811 

125. 

0.143 

0.293 

0.484 

0.671 

0.814 

0.905 

1  35. 

0.471 

0.614 

0.735 

0.830 

0.899 

0.945 

1  45. 

0.685 

0.  784 

0.856 

0.906 

0.939 

0.961 

1  55. 

0.  756 

0.836 

0.892 

0.930 

0.955 

0.971 

1  65. 

0.747 

0.830 

0.888 

0.927 

0.953 

0.970 

1  75. 

0.649 

0.757 

0.836 

0.892 

0.930 

0.955 

1  85. 

0.384 

0.534 

0.  670 

0.783 

0.868 

0.926 

195. 

0.081 

0.19  1 

0.  360 

0.556 

0.730 

0.854 

AVE  = 

0. 445 

0. 564 

0 . 680 

0.782 

0.8  62 

0.9  17 

TABLE  XII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbe-s  rt  and  B 

T-|  =  1/3268  T2  =  1/4950 

Pp  =  10-5 

FOR  RECEI'ER  CASE  4 


VELOCITY 

0. 

S/N 

2. 

RATIO 

4. 

CDS) 

6. 

8. 

10. 

12. 

105. 

0.001 

0.003 

0.01  1 

0.039 

0.110 

0.238 

0.411 

1  15. 

0.000 

0.001 

0.002 

0.009 

0.034 

0.097 

0.217 

125. 

0.000 

0.000 

0.001 

0.003 

0.01  1 

0.041 

0.130 

135. 

0.002 

0.007 

0.028 

0.086 

0.206 

0.385 

0.583 

145. 

0.017 

0.058 

0.  152 

0.312 

0.508 

0. 693 

0.830 

155. 

0.041 

0.  1  1  6 

0.256 

0.447 

0.640 

0.  793 

0.893 

165. 

0.036 

0.  106 

0  •  240 

0.428 

0.623 

0.781 

0.886 

1  75. 

0.01  1 

0.041 

0.116 

0.257 

0.448 

0.  640 

0.794 

185. 

0.00  1 

0.003 

0.013 

0.046 

0.127 

0.274 

0.468 

195. 

0.000 

0.000 

0.000 

0.001 

0.005 

0.018 

0.065 

AVE  = 

0.011 

0.034 

0.082 

0.  163 

0.271 

0.37  6 

0. 528 

H. 

1  6* 

18. 

20. 

22. 

24. 

105. 

0.  59  4 

0.750 

0.861 

0.929 

0.967 

0.985 

1  15. 

0.  38  7 

0.571 

0.  732 

0.850 

0.926 

0.9  68 

125. 

i.  31  1 

0.558 

0.  781 

0.916 

0.975 

0.994 

135. 

0.753 

0.871 

0.941 

0.977 

0.992 

0.998 

1  45. 

0.914 

0.960 

0.982 

0.992 

0.997 

0.999 

1  55. 

0.949 

0.977 

0.990 

0.996 

0.998 

0.999 

1  65. 

0.945 

0.975 

0.989 

0.996 

0.998 

0.999 

1  75. 

0.893 

0.9  49 

0.977 

0.990 

0.996 

0.998 

185. 

0.  660 

0.810 

0.908 

0.961 

0.986 

0.996 

195. 

0.  185 

0.39  7 

0.647 

0.842 

0.945 

0.985 

AVE  = 

0.659 

0.  782 

0.88  1 

0.945 

0.978 

0.992 

TABLE  XII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  B 

T-j  =  1/3268 


T2  =  1/4950 

10-5 


FOR  RECEIVER  CASE  3 


VELOCITY 

0. 

S/N 

2. 

t  RATIO 
4. 

<DB> 

6. 

8. 

10. 

12. 

105. 

0.00  1 

0.002 

0.009 

0.033 

0.095 

0.212 

0.379 

115. 

0.000 

0.001 

0.002 

0.008 

0.028 

0.083 

0.  193 

125. 

0 . 000 

0.000 

0.001 

0.002 

0.009 

0.034 

0.  1  10 

135. 

0.001 

0.00  6 

0.023 

0.073 

0.  181 

0.351 

0.548 

145. 

0.014 

0.048 

0.132 

0.281 

0.473 

0.661 

0.808 

155. 

0.034 

0.100 

0.228 

0.41  1 

0. 606 

0.768 

0.878 

165. 

0.030 

0.091 

0.213 

0.393 

0.  589 

0.755 

0.870 

1  75. 

0.009 

0.034 

0.  100 

0.229 

0.412 

0.607 

0.769 

185. 

0.001 

0.00  3 

0.011 

0.038 

0.110 

0.245 

0.432 

195. 

0.000 

0 .000 

0  •  000 

0.001 

0.004 

0.015 

0.054 

AVE  = 

0.009 

0.028 

0.0  72 

0.147 

0.251 

0.373 

0.504 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.  562 

0.  724 

0.843 

0.919 

0.961 

0.982 

115. 

0.355 

0.538 

0.  705 

0.832 

0.914 

0.961 

125. 

0.274 

0.514 

0.746 

0.898 

0.9  68 

0.992 

135. 

0.725 

0.853 

0.931 

0.972 

0.990 

0.997 

145. 

0.901 

0.953 

0.979 

3.991 

0.996 

0.998 

155. 

0.941 

0.973 

0.988 

0.995 

0.998 

0.999 

1  65. 

0.936 

0.971 

0.987 

0.995 

0.998 

0.999 

175. 

0.878 

0.941 

0.973 

0.988 

0.995 

0.998 

185. 

0.  627 

0.78  6 

0.893 

0.954 

0.983 

0.995 

195. 

0.159 

0.356 

0.  605 

0.813 

0.932 

0.960 

AVE  = 

0.  636 

0.761 

0.865 

C.936 

0.974 

0.990 

TABLE  XIII 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


j  Beam  Numbers  A  and  B 

] 

|  T]  =  1/4950  T2  =  1/3268 

i  Pf  =  10"5 


FOR  RECEIVER  CASE  t 


S/N 

RATIO 

CDB) 

VELOCITY 

0. 

2. 

4. 

6. 

8. 

10. 

12. 

105. 

0.004 

0.013 

0.  039 

0.095 

0.  192 

0.  323 

0.  470 

ns. 

0.001 

0. 003 

0.011 

0.034 

0.035 

0.  1  77 

0.  305 

125. 

0.  000 

0.  000 

0.  00 1 

0.  005 

0.01  6 

0.046 

0.  1  1  1 

135. 

0. 000 

0.  000 

0.001 

0.003 

0.010 

0.  030 

0.079 

1  45. 

0 . 000 

0.002 

0.  006 

0.019 

0.051 

0.115 

0.217 

1  55. 

0 . 00 1 

0.004 

0.013 

0.038 

0.092 

0.  182 

0.  304 

j  1  65. 

0 . 001 

0.003 

0.012 

0.035 

0.085 

0.1  72 

0.292 

175. 

0.000 

0.001 

0.  004 

0.013 

0.038 

0.092 

0.  182 

!  185. 

0 .  000 

0. 000 

0 . 000 

0.  001 

0.  005 

0.016 

0.  048 

!  19  5. 

I 

0.  000 

0.  000 

0.  00 1 

0.  004 

0.014 

0.040 

0.098 

j  AVE  = 

i 

! 

0.001 

0.  003 

0.  009 

0.025 

0.059 

0.119 

0.21  1 

| 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.  609 

0.  725 

0.8  13 

0.876 

0.919 

0.948 

i  115. 

0.451 

0.  591 

0.  711 

0.803 

0.8  69 

0.9  15 

125. 

0.219 

0.367 

0.  533 

0.  689 

0.814 

0.899 

135. 

0.  1  73 

0.318 

0.  496 

0.  672 

0.811 

0.902 

145. 

0.  347 

0.  48  7 

0.  619 

0.  731 

0.820 

0.886 

155. 

0.444 

0.  580 

0.  698 

0.  791 

0.860 

0.908 

1  65. 

0.  430 

0.567 

0.  687 

0.  783 

0.854 

0.904 

1  75. 

0.305 

0.  444 

0.  58  1 

0.  700 

0.  79  5 

0.867 

185. 

0.  1  18 

0.242 

0.  413 

0.598 

0.  758 

0.870 

195. 

0.  198 

0.  335 

0.  490 

0.  641 

0.  769 

0.8  65 

AVE  = 

0.329 

0.  465 

0.  604 

0.  728 

0.827 

0.896 

55 


TABLE  XIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Nunbers  A  and  B 

T1  =  1/4950  T2  =  1/3268 

PF  =  10*s 


FOR  RECEIVER  CASE  2 


VELOCITY 

0. 

S/N 

2. 

RATIO 

4. 

<  DB> 

6. 

8  4 

1  0. 

12. 

105. 

0.  005 

0.01  7 

0.  049 

0.116 

0.225 

0.  365 

0.513 

1  1  5. 

0.  001 

0.  004 

0.01  4 

0.043 

0.  105 

0.209 

0.  345 

1  25. 

0.0  00 

0.  000 

0.  002 

0 . 006 

0.  021 

0.  058 

0.  135 

135. 

0.000 

0.000 

0.  001 

0.004 

0.013 

0.  038 

0.  098 

14  5. 

0.  001 

0.  002 

0.007 

0.024 

0.  064 

0.139 

0.251 

15  5. 

0.  001 

0.005 

0.01  7 

0.  048 

0.112 

0.213 

0.343 

1  65. 

0.001 

0.004 

0.01  5 

0.044 

0.  104 

0.202 

0.  330 

1  75. 

0 .  000 

0.001 

0.  005 

0.0!  7 

0.  048 

0.112 

0.213 

185. 

0.000 

0.  000 

0.  001 

0.  002 

0.  00 6 

0.021 

0.  061 

195. 

0.  000 

0 .  000 

0 . 00 1 

0.  005 

0.018 

0.  05  1 

0.  120 

AVE  - 

0.  001 

0.  004 

0.  01  1 

0.031 

0.071 

0.  1  41 

0.  241 

1  4. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.  646 

0.  754 

0.835 

0.891 

0.930 

0.9  55 

1  1  5. 

0.  493 

0.  630 

0.  742 

0.826 

0.885 

0.926 

125. 

0.257 

0.  413 

0.  580 

0.  730 

0.843 

0.9  1  7 

135. 

0.206 

0.  365 

0.  548 

0.  71  7 

0.843 

0.921 

1  45- 

0.387 

0.  527 

0.  655 

0.  761 

0.8  42 

0.901 

1  55. 

0.485 

0.  61  7 

0.  729 

0.  8  1  4 

0.3  76 

0.9  19 

1  65. 

0.471 

0.  605 

0.  719 

0.807 

0.  3  71 

0.9  16 

175. 

0.  344 

0.  43  5 

0.  613 

0.  731 

0.8  19 

0.885 

185. 

0.  1  45 

0.284 

0.  465 

0.  649 

0.  79  7 

0.894 

19  5. 

0.232 

0.378 

0.  535 

0.681 

0.801 

0.887 

A  VE  s 

0.367 

0.  506 

0.  643 

0.  761 

0.35! 

0.9  12 

AVE 


TABLE.  XIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  B 

T]  =  1/4950  T2  ~  1/3268 

PF  =  10’5 


FOR  RECEIVER  CASE  3 


S/N  RATIO 


VELOCITY 

0. 

2  • 

4. 

105. 

0.  009 

0.033 

0.098 

1  1  5. 

0.002 

0.  008 

0.028 

125. 

0.  000 

0.  001 

3.003 

135. 

0.  000 

0.000 

0.  002 

1  45. 

0.  00 i 

0.  004 

0.014 

1  55. 

0.  002 

0.009 

0.034 

1  65. 

0.002 

0.008 

0.030 

1  75. 

0.001 

0.002 

0.010 

1  c  5. 

0.  000 

0.000 

0.  00 1 

195. 

0.  000 

0.  001 

0.  002 

AVE  = 

0.  002 

0.00/ 

0.  022 

1  4. 

l  6. 

18. 

105. 

0.376 

0.940 

0.973 

1  1  5. 

0.  747 

0.865 

0.  934 

125. 

0.  456 

0.  663 

0.829 

135. 

0.  376 

0.  604 

0.303 

14  5. 

0.  619 

0.  768 

0.873 

1  55. 

0.  726 

0.845 

0.  920 

1  65* 

0.  713 

0.836 

0.9  1  4 

175. 

0.  566 

0.  727 

0.  846 

185. 

0.275 

0.  49  7 

0.  723 

19  5- 

0.  419 

0.  619 

0.  788 

AVE  = 

0.577 

0.  736 

0.8  60 

<  DB> 


6* 

8. 

10. 

12. 

0.225 

0.408 

0.  603 

0.  766 

0.  08  6 

0.205 

0.  382 

0.578 

0.  012 

0.  041 

0.116 

0.258 

0.  007 

0.  024 

0.076 

0.  190 

0.0  48 

0.  126 

0.2  62 

0.  439 

0.  09  6 

0.215 

0.  382 

0.  565 

0.088 

0.201 

0.3  65 

0.5  48 

0.034 

0.09  6 

0.215 

0.  383 

0.003 

0.012 

0.042 

0.120 

0.010 

0.035 

0.  102 

0.233 

0.061 

0.  1  36 

0-255 

0  •  40  8 

20. 

22. 

• 

Od 

0.988 

0.99S 

0.998 

0.o  70 

0.98  7 

0.994 

0.930 

0.9  77 

0.994 

0.924 

0.977 

0.994 

0.9  38 

0.973 

0.989 

0.9  62 

0.983 

0.993 

0.959 

0.981 

0.992 

0.922 

0.964 

0.986 

0.882 

0.961 

0.989 

0.901 

0.962 

0.988 

0.937 

0.976 

0.992 

AVE 


TABLE  XIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beiim  Numbers  A  and  B 

T1  =  1/4950  T2  =  1/3268 

Pp  =  10"5 


FOR  RECEIVER  CASE  4 


S/N 

RATIO 

(  DB> 

VELOCITY 

0. 

2. 

4. 

6* 

8. 

10. 

12. 

105. 

0.01  1 

0.  040 

0.114 

0.253 

0.  443 

0.  636 

0.  791 

115. 

0.002 

0.009 

0.034 

0.  101 

0.  231 

0.41  7 

0.  613 

125. 

0.  000 

0.001 

0.  004 

0.014 

0.049 

0.  135 

0.289 

13  5. 

0.  000 

0.  00  1 

0.002 

0.008 

0.  029 

0.089 

0.  21  6 

145. 

0.001 

0.005 

0.01  7 

0.057 

0.  145 

0.291 

0.  472 

155. 

0.  003 

0.012 

0.  040 

0.  1  1  1 

0.240 

0.  415 

0.  597 

1  65. 

0.003 

0.010 

0.036 

0.  102 

0.226 

0.  397 

0.580 

175. 

0.001 

0.003 

0.012 

0.  040 

0.  1  12 

0.241 

0.  415 

185. 

0.000 

0.  000 

0.001 

0.  004 

0.01  4 

0.050 

0.  1  40 

195. 

0.  000 

0.  001 

0.003 

0.  012 

0.042 

0.119 

0.261 

AVE  s 

0.002 

0.008 

0.026 

0.070 

0.  1  53 

0.2  79 

0.  437 

14. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.892 

0.9  48 

0.977 

0.990 

0.996 

0.998 

11  5. 

0.  774 

0.881 

0.943 

0.9  74 

0.989 

0.995 

125. 

0.  493 

0.  69  7 

0.853 

0.942 

0.982 

0.995 

135. 

0.  414 

0.  643 

0.831 

0.938 

0.982 

0.  99  6 

145. 

0.  649 

0.  791 

0.888 

0.946 

0.977 

0.991 

1  55. 

0.  752 

0.862 

0.930 

0.967 

0.985 

0.994 

1  65. 

0.  739 

0.854 

0.925 

0.965 

0.984 

0.993 

1  75. 

0.  598 

0.753 

0*864 

0.932 

0.9  70 

0.988 

185. 

0.  308 

0.  538 

0.  758 

0.902 

0.9  69 

0.992 

19  5. 

0.455 

0.  653 

0.813 

0.916 

0.9  69 

0.991 

AVE  a 

0.  607 

0.  762 

0.8  78 

0.947 

0.980 

0.993 

5H 


TABLE  XIV 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  E 

T i  =  1/3268 

PF  =  1 

FOR  RECEIVER  CASE  1 


S/N  RATIO 


VELOCITY 

0. 

2  • 

4. 

105* 

0.004 

0.013 

0.039 

1 1  5. 

0.001 

0.003 

0.011 

125. 

0.000 

0.000 

0.002 

135. 

0.001 

0.003 

0*009 

145. 

0.006 

0.019 

0.053 

155. 

0.013 

0.039 

0.096 

165. 

0.012 

0.036 

0.089 

175. 

0.004 

0.013 

0.039 

185. 

0.000 

0.001 

0.004 

195. 

0.000 

0 .000 

0.001 

AVE  » 

0.004 

0.013 

0.034 

14. 

16. 

18. 

105. 

0.609 

0.725 

0.813 

115. 

0.451 

0.591 

0.711 

125* 

0.267 

0.444 

0.627 

135. 

0.440 

0.596 

0.734 

145. 

0.649 

0.757 

0.836 

155. 

0.726 

0.814 

0.877 

165. 

0.717 

0.807 

0.872 

175. 

0.612 

0.727 

0.815 

105. 

0.353 

0.514 

0.668 

195. 

0.216 

0.371 

0.547 

AVE  - 

0.504 

0.635 

0.750 

T2  =  1/4950 


(DB) 


6  • 

8. 

10. 

12. 

0.095 

0*192 

0.323 

0.470 

0.034 

0.085 

0.177 

0.305 

0  .005 

0.018 

0.054 

0.133 

0.029 

0.075 

0.161 

0.287 

0.122 

0.232 

0.371 

0.517 

0.194 

0.326 

0.473 

0.611 

0.183 

0.312 

0.459 

0.599 

0.097 

0.194 

0.327 

0.473 

0.015 

0.044 

0.106 

0.211 

0.004 

0.014 

0.042 

0.105 

0.078 

0.149 

0.249 

0.371 

20. 

• 

« 

CO 

. 

* 

©J 

0.876 

0.919 

0.948 

0.803 

0.870 

0.916 

0.779 

0.882 

0.942 

0.841 

0.914 

0.957 

0.893 

0.931 

0.957 

0*920 

0.948 

0.967 

0.917 

0.946 

0.966 

0.878 

0.921 

0.950 

0.795 

0.885 

0.941 

0.710 

0.833 

0.913 

0.841 

0.905 

0.946 

s«> 


TABLE  XIV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  E 

T-j  =  1/3268  T2  *  1/4950 

Pr  «  10'5 


FOR  RECEIVER  CASE  2 


S/N  RATIO  <DB) 


OCITY 

0. 

8. 

4* 

6* 

8. 

10. 

105. 

0.005 

0.017 

0.049 

0.116 

0.225 

0  >365 

» 1 5* 

0.001 

0.004 

0.014 

0.043 

0*105 

0.209 

185. 

0.000 

0.001 

0.002 

0.007 

0*024 

0.068 

135. 

0.001 

0.003 

0.012 

0.037 

0.093 

0.191 

145. 

0.007 

0.024 

0.066 

0.147 

0*268 

0.413 

155. 

0.017 

0.050 

0.118 

0.227 

0.368 

0.515 

165. 

0.015 

0.04S 

0.109 

0.215 

0.353 

0.501 

175. 

0.005 

0*017 

0.050 

0.118 

S  *228 

0.368 

185. 

0.000 

0.002 

0.006 

0.019 

0*035 

0.129 

195. 

0.000 

0.000 

0.001 

0.005 

0.018 

0.053 

at 

0.005 

0.016 

0.043 

0.094 

0.174 

0.281 

14. 

1 6  • 

18. 

20. 

• 

CO 

CO 

24. 

105. 

0.646 

0.754 

0.835 

0.891 

0.930 

0.955 

115. 

0.493 

0.630 

0.742 

0.826 

0.866 

0.927 

185. 

0.318 

0.497 

0.676 

0.814 

0.904 

0.954 

135. 

0*485 

0.639 

0.770 

0.866 

0.929 

0.966 

145* 

0.685 

0.784 

0.856 

0.906 

0.940 

0.963 

155. 

0.756 

0.836 

0.892 

0.930 

0.955 

0.971 

165. 

0.747 

0*830 

0.888 

0.987 

0.953 

0.970 

175. 

0.649 

0.757 

0.837 

0*893 

0.931 

0.957 

105. 

0.398 

0*560 

0.708 

0.886 

0.905 

0.953 

195. 

0.854 

0.420 

0.597 

0.750 

0.868 

0.930 

as 

0.543 

0.671 

0*730 

0.863 

0.920 

0.955 

<>() 


12. 

0*513 

0.345 

0*162 

0.328 

0.559 

0.649 

0.637 

0.516 

0.846 

0.128 

0.408 


TABLE  XIV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Nunbers  A  and  E 

T-j  =  1/3268  T2  =  1/4950 

PF  =  ID’5 

RECEIVES  CASE  3 


S/N  RATIO  <DB) 


VELOCITY 

0- 

8* 

4  « 

6. 

8* 

10* 

12* 

10S. 

0*009 

0.033 

0*098 

0.S25 

0*408 

0*603 

0.766 

ns. 

0*008 

0*008 

0*086 

0*086 

0*205 

0*382 

0*578 

125* 

0.000 

0*001 

0*003 

0*013 

0*046 

0*134 

0*303 

135* 

0*008 

0*006 

0*083 

0*073 

0*188 

0*353 

0.555 

145* 

0*014 

0*048 

0*138 

0*281 

0*473 

0*661 

0.808 

155* 

0*034 

0  «  100 

0*288 

0*411 

0*606 

0*768 

0.878 

165* 

0*030 

0*091 

0*213 

0.393 

0*589 

0*755 

0.670 

175* 

0.009 

0*034 

0*100 

0*889 

0.412 

0*607 

0.769 

185* 

0*001 

0*003 

0*011 

0*038 

0.111 

0*248 

0*439 

195* 

0.000 

0*001 

0*002 

0*010 

0.036 

0*106 

0.246 

AVE  * 

0*010 

0*038 

0*084 

0*176 

0.307 

0*462 

0.621 

14. 

16* 

18* 

20. 

22. 

24* 

105* 

0*876 

0.940 

0*973 

0*988 

0.995 

0*998 

115. 

0*747 

0*865 

0*934 

0*970 

0*987 

0.995 

125* 

0*530 

0*746 

0*891 

0*963 

0*990 

0.996 

133* 

0*737 

0*869 

0*945 

0*981 

0*994 

0.999 

145* 

0*901 

0*953 

0*979 

0*991 

0.996 

0.999 

155* 

0*941 

0.973 

0*988 

0*995 

0*998 

0.999 

165* 

0*936 

0*971 

0*987 

0*995 

0*998 

0.999 

175* 

0*878 

0*941 

0.973 

0*986 

0*995 

0.998 

165* 

0*641 

0*806 

0*913 

L.968 

0*990 

0.997 

195* 

0*449 

0*663 

0*835 

0*935 

0*979 

0.994 

AVE  • 

0*764 

0*873 

0*942 

0*977 

0*992 

0.998 

<>l 


TABLE  XIV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Beam  Numbers  A  and  E 

T1  *  1/3268  T2  =  1/4950 

PF  =  10"5 

FOR  RECEIVER  CASE  A 


VELOCITY 

0. 

2. 

105. 

0.011 

0.040 

115. 

0.002 

0.009 

125* 

0.000 

0.001 

135. 

0.002 

0.007 

145. 

0.017 

0.058 

155. 

0.041 

0*116 

165. 

0.036 

0.106 

175. 

0*011 

0.041 

185. 

0.001 

0.003 

195. 

0.000 

0.001 

AVE  ■ 

0.012 

0.038 

14. 

16* 

105. 

0.892 

0.948 

115. 

0.774 

0*881 

125. 

0.571 

0.778 

135. 

0.766 

0.887 

145. 

0.914 

0.960 

155. 

0.949 

0.977 

165. 

0.945 

0.975 

175. 

0*853 

0.949 

185. 

0*675 

0.831 

195* 

0.487 

0.700 

AVE  - 

0.787 

0.889 

RATIO  (DB) 


4. 

6. 

8. 

10. 

0.114 

0.253 

0.443 

0*636 

0.034 

0.101 

0.231 

0.417 

0.004 

0*016 

0.055 

0.156 

0.028 

0.086 

0.207 

0.388 

0.152 

0.312 

0.508 

0.693 

0.256 

0.447 

0.640 

0.793 

0.240 

0.428 

0.623 

0.781 

0.116 

0.257 

0.440 

0.640 

0.013 

0.046 

0.128 

0.277 

0.003 

0.012 

6.043 

0.124 

0.096 

0.196 

0*333 

0.490 

18. 

20. 

22. 

24. 

0.977 

0.990 

0.996 

0.998 

0.943 

0.974 

0.989 

0.996 

0.909 

0.971 

0.992 

0.998 

0.955 

0*985 

6.996 

0.999 

0.982 

0.993 

0.997 

0.999 

0.990 

0.996 

0.998 

0.999 

0.989 

0.996 

0.998 

0.999 

0.977 

0.990 

0.996 

0.996 

0.927 

0.974 

0.992 

0.998 

0.859 

0.947 

0*984 

0.996 

0.951 

0.981 

0.994 

0.998 

12. 

0.791 

0.613 

0.338 

0.590 

0.830 

0*893 

0*866 

0.794 

0.476 

0.276 

0*649 
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TABLE  XV 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A,  B,  E  and  F 

T]  »  1/3268  T2  *  1/4950 

PF  =  10-5 


FOR  RECEIVER  CASE  1 


S/N  RATIO  (OB) 

VELOCITY  0*  2*  4*  6*  8*  10*  12* 

105*  0*004  0*014  0*042  0*107  0*223  0*387  0*570 

115*  0*001  0*003  0*012  0*037  0*096  0*205  0*364 

125*  0*000  0*001  0*002  0*006  0*020  0*059  0*149 

135*  0*001  0*003  0*010  0*031  0*083  0*185  0*341 

145*  0*006  0*020  0*058  0*139  0*272  0*447  0*628 

155*  0*014  0*043  0*108  0*226  0*391  0*574  0*736 

165*  0*013  0*039  0*100  0*212  0*374  0*557  0*722 

175*  0*004  0*014  0*043  0*109  0*226  0*391  0*574 

185*  0.000  0.001  0*005  0*016  0*048  0*119  0*246 

195*  0*000  0*000  0*001  0*005  0*015  0*046  0*118 

AVE  •  0*004  0*014  0*038  0*089  0*175  0*297  0*445 


14*  18*  20*  22*  24* 

105*  0*733  0*852  *925  0*965  0*984  0*993 

115*  0*547  0*714  6.639  0*918  0*961  0*983 

125*  0*308  0*52^  0.729  0.879  0.957  0.987 

135*  0*530  0*712  0*851  0*936  0*977  0*993 

145*  0.777  0*880  0*941  0*973  0*988  0*995 

155*  0*854  0*926  0*965  0*985  0*993  0*997 

165*  0*844  0*921  0*963  0*983  0*993  0*997 

175*  0*736  0*854  0*926  0*966  0*985  0*994 

185*  0*422  0*616  0*785  0*901  0*962  0*988 

195*  0*249  0*438  0*646  0*819  0*925  0*975 

AVE  «  0*600  0*743  0.857  0.932  0.973  0*990 
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TABLE  XV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  Mil  MODE 


Beam  Numbers  A,  P,  E  and  F 

T1  =  1/3268  T2  =  1/4950 

PF  =  10"5 


FOR  RECEIVER  CASE  2 


5/N  RATIO  (DB) 


VELOCITY 

0. 

2. 

105. 

0.005 

0.018 

115. 

0.001 

0*004 

125. 

0.000 

0.001 

135. 

0.00! 

0.004 

145. 

0  *008 

0.026 

155. 

0.018 

0*055 

1 65< 

0.017 

0.050 

175 

0*00  5 

0.019 

185. 

0.001 

0*002 

195. 

0  .000 

0.00 1 

AVE  * 

0.006 

0.018 

14. 

16. 

105* 

0.773 

0.878 

115. 

0.598 

0.756 

125. 

0*360 

0.581 

135* 

0.583 

0.757 

145. 

0.813 

0*903 

155. 

0*880 

0.941 

165* 

0.872 

0.936 

175. 

0.776 

0.880 

185. 

0.475 

0.668 

195. 

0*294 

0.495 

AVE  * 

0.643 

0*780 

4. 

6* 

8  • 

10. 

0.054 

0.131 

0.263 

0.438 

0.015 

0.047 

0.H8 

0.243 

0.002 

0*008 

0.025 

0.075 

0.013 

0.040 

0.104 

0.221 

0.073 

0.163 

0.317 

0*499 

0.133 

0*266 

0.442 

0.624 

0.123 

0.251 

0.424 

0.608 

0.055 

0.134 

0.267 

0.443 

0.006 

0*021 

0.061 

0.146 

0.002 

0.006 

0*020 

0.059 

0*048 

0.107 

0.204 

0.336 

18. 

20. 

22. 

24. 

0.940 

0*972 

0.988 

0.995 

0.867 

0.934 

0.970 

0.987 

3.779 

0.908 

0.969 

0.992 

0*881 

0.952 

0.984 

0.995 

0.95.7 

0.979 

0.991 

0.996 

0.973 

0*988 

0.995 

0*998 

0.971 

0.987 

0.994 

0.998 

0.941 

0.973 

0.988 

0.995 

0.825 

0.924 

0.973 

0.992 

0.700 

0 .656 

0.945 

0.983 

0.883 

0.947 

0.980 

0.993 

(>•1 


12. 

0*621 

0*414 

0*182 

0*391 

0*675 

0*776 

0.763 

0.625 

0.289 

0.145 

0.488 


TABLt  XV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A,  B,  E  and  F 

T}  =  1/3268  T2  »  1/4950 

PF  =  10'5 


FOR  RECEIVER  CASE  3 


VELOCITY 

0. 

S/N  RATIO 

<1-  4. 

(DB) 

6* 

8. 

10. 

105. 

0.010 

0.035 

0.107 

0.252 

0.469 

0.696 

115. 

0.002 

0.008 

0.030 

0.093 

0.228 

0.438 

125. 

0.000 

0.001 

0.004 

0.014 

0.049 

0*146 

135. 

0.002 

0.006 

0.025 

0.079 

0.202 

0.403 

145. 

0.015 

0.052 

0.145 

0.317 

0.545 

0.759 

155- 

0.036 

0.108 

0.256 

0.473 

0.699 

0*866 

165. 

0.032 

0.099 

0.838 

0.450 

0.680 

0.854 

175. 

0.010 

0.036 

0.109 

0.257 

0*474 

0.700 

185. 

0.001 

0.003 

0*011 

0.041 

0*121 

0.278 

195. 

0.000 

0.001 

0.003 

0.011 

0.038 

0.115 

AVE  « 

0.011 

0*035 

0.093 

0.199 

0.351 

0.525 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.952 

0.986 

0.997 

0.999 

1  .000 

1  .000 

115. 

0.846 

0.944 

0.984 

0.996 

0.999 

1  .000 

125. 

0.598 

0.828 

0.952 

0.992 

0.9Q9 

1  .000 

135. 

0.833 

0.944 

0.987 

0*998 

1  *000 

1  .000 

145* 

0.967 

0.991 

0.998 

1  *300 

1  .000 

1.000 

155. 

0.937 

0.997 

0.999 

1  .000 

1  .000 

1  .000 

165. 

0.985 

0.996 

0.999 

1  .000 

t  .000 

1  .000 

175. 

0.953 

0.987 

0.997 

0.999 

1  *000 

1  .000 

185. 

0.734 

0*695 

0.971 

0.994 

0.999 

1  .000 

195. 

0.51 1 

0.752 

0.913 

0*980 

0.997 

1  .000 

1  .00(4 


12* 

0.864 
0.668 
0.33? 
0.639 
0.900 
0  .953 
0.947 
0.866 
0.504 
0.874 

0.695 


0.337  0.938  0.980  0.996  0.999 


TABLE  XV  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Nunbers  A,  B,  E  and  F 

T]  =  1/3268  T2  =  1/4950 

PF  =  10-5 


RECEIVER  CASE  4 

S/N  RATIO  (DB) 


VELOCITY 

0. 

a. 

4. 

6. 

8. 

10. 

18. 

105. 

0.018 

0.043 

0.184 

0.885 

0.510 

0.738 

0.886 

115. 

0.003 

0.010 

0.036 

0.110 

0.859 

0.478 

0.705 

185* 

0.000 

0.001 

0.004 

0.017 

0.059 

0.170 

0.378 

135. 

0.008 

0.008 

0.030 

0.093 

0.830 

0.443 

0.679 

145. 

0.018 

0.068 

0.168 

0.353 

0.586 

0.791 

0.918 

155. 

0.043 

0.187 

0.888 

0.514 

0.735 

0.888 

0.968 

165* 

0.039 

0.116 

0.869 

0.491 

0.716 

0.877 

0.958 

175. 

0*018 

0*044 

0.187 

0.889 

0.519 

0.736 

0.888 

165* 

0.001 

0.004 

0.014 

0.049 

0.140 

0.318 

0.546 

195. 

0.000 

0.001 

0.003 

0.013 

0*046 

0.135 

0.309 

AVE  « 

0.013 

0.041 

0.106 

0.881 

0.380 

0.556 

0.783 

14. 

16. 

18. 

80. 

ea. 

84* 

105. 

0.961 

0.989 

0.998 

0.999 

1.000 

1.000 

115. 

0.870 

0.955 

0.987 

0.997 

0*999 

1.000 

185. 

0.643 

0.859 

0.964 

0.994 

0.999 

1.000 

135. 

0.860 

0.956 

0.990 

0.998 

1.000 

1.000 

145. 

0.974 

0.993 

0.999 

1.000 

1.000 

1.000 

155. 

0.990 

0*998 

1.000 

1.000 

1.000 

1.000 

165. 

0.988 

0.997 

0.999 

1  *000 

1.000 

1.000 

175* 

0.968 

0.990 

0.998 

1.000 

1.00V 

1.000 

165. 

0.769 

0*914 

0.978 

0.996 

1.000 

1  .000 

195. 

0.555 

0.788 

0.931 

0.986 

0.998 

1.000 

AVE  • 

0.857 

0.944 

0.984 

0.997 

1.000 

1.000 

Mi 


TABLE  XVI 

DETECTION  PROBABILITY  FOR  COHERENT  HTI  MODE 
Beam  Nunbers  A,  Bt  C,  D»  E,  F,  G  and  H 

T]  -  1/3268  T2  »  1/4950 


PF  -  10*5 


FOR  RECEIVER  CASE  ! 


S/N  RATIO  <DB) 

VELOCITY  0.  2.  4.  6.  8*  13. 


10S* 

0*034 

0*014 

0*043 

0.  1 10 

3*  232 

0.409 

115* 

0*001 

0.004 

0.012 

0w038 

0*098 

0*212 

125* 

0*000 

0*001 

0.002 

0.006 

0.020 

0*060 

135* 

0*001 

0*003 

0*010 

0.032 

0*085 

0*191 

145* 

0*006 

0*021 

0*060 

0.  143 

0*284 

0.4  74 

155* 

0*015 

0*044 

0.  1 1 1 

0.234 

0*  412 

0.612 

165. 

0*013 

0*040 

0*103 

0*220 

0*394 

0*594 

173* 

0*004 

0*015 

0.044 

0*112 

0*235 

0*413 

185. 

0*001 

0*001 

0.005 

0.017 

0*049 

0*123 

195* 

0.000 

0*001 

0*001 

0*005 

0.016 

0.047 

AVE  « 

0*005 

0*014 

0*039 

0*092 

0.183 

0.314 

14. 

16. 

18. 

20* 

22. 

24. 

105. 

0*783 

0*900 

0*961 

0*987 

0*996 

0.999 

115* 

0.583 

0*763 

0*888 

0*956 

0*985 

0*996 

125. 

0*319 

0.545 

0*766 

0*913 

0.9  77 

0*996 

135* 

0*563 

0.758 

0*«tS 

0.966 

0.992 

0.998 

145. 

0*828 

0*925 

0.9  72 

0*991 

0.998 

0*999 

155. 

0*901 

0*962 

0.987 

0*996 

0.999 

1.000 

1 65* 

0*893 

0.958 

0*986 

0*996 

0*999 

1.000 

175. 

0*786 

0*902 

0.962 

0*98  7 

0*996 

0.999 

185* 

0*445 

0*656 

0.831 

0*938 

0*963 

0.997 

195. 

0*258 

0*460 

0*683 

8*860 

0*955 

0.990 

AVE  * 

0*636 

0*783 

0*893 

0.959 

0*988 

0*997 

12. 

0.  609 
0*383 
0*153 
0*358 
0*  671 
0*786 
0*772 
0*613 
0*05$ 
0*121 

0*472 


67 


TABLE  XVI  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Beam  Nunbers  A,  B,  C,  D,  E,  F,  G  and  H 

T1  3  V3268  T2  =  1/4950 


Pp  =  10'5 


FOR  RECEI VER  CASE  2 


VELOCITY  0. 


S/M  RATIO  COB) 
4.  6. 


8.  10. 


105. 
1 !  5. 
IBS. 
135. 
145. 
155. 
165.. 
ITS. 
185. 
195. 


0.605 

0.018 

0.055 

0.001 

0.805 

0.016 

0.000 

0.001 

0*002 

0.001 

0.004 

0.013 

0.008 

0.027 

0*075 

0.019 

0.056 

0.  137 

0.017 

0.051 

0.  127 

0.006 

0.019 

8.05  6 

0.001 

0.002 

0.006 

0.000 

0.001 

0.002 

0.135 

0.274 

0.  463 

0.048 

0.  121 

0.252 

0.008 

0.026 

0.076 

0.041 

0.106 

0.229 

0.  1  74 

0.332 

0.530 

0.277 

0.467 

0.  666 

0.261 

0.448 

0.648 

0.137 

0.278 

0.468 

0W1 

0. 062 

0*  1  50 

0.006 

0.020 

0*060 

A  VC  a 


0.006  0.018  0.049 


0.111 


0.213  0.3  54 


105. 
US. 
125. 
135. 
1  45. 
155. 
165. 
175. 
185. 
195. 


AVE  * 


14. 

16. 

18. 

0.823 

0.923 

0.97J 

0  .  638 

0.006 

0*913 

0.374 

0*609 

0.81  7 

0.620 

0*804 

0.922 

0.863 

0.943 

0.980 

0.924 

0.972 

0.99! 

0.917 

0.9  69 

0.990 

0.826 

0.924 

0.972 

0.502 

0.710 

0.869 

0.306 

0.  52 1 

8.  739 

0.679 

0.810 

0.917 

20. 

22. 

24. 

0.99! 

0.997 

0.999 

0.967 

0.990 

0.997 

0.939 

0*985 

0.99  7 

0.977 

0.995 

0.999 

0.994 

0.998 

1.000 

0.998 

0.999 

1.000 

0.997 

8.999 

1-000 

0.991 

0.990 

0.999 

0.956 

0.909 

0.998 

0.895 

0.9  70 

0.994 

0.9  70 

0.992 

0.998 

tuS 


12. 

0.  663 
0.  437 
0.  187 
0.411 
0.721 
0.826 
0.813 
0.  667 
0*301 
0*149 

0.517 


TABLE  XVI  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
8eam  Numbers  A,  B,  C,  D,  E,  F,  6  and  H 

T1  1/3268  T2  3  1/4950 

Pr  =  TO’5 


FOR  RECEIVER  CASE  3 


S/N  RATIO  (OB) 


VELOCITY 

0. 

8* 

4. 

6^ 

8* 

10* 

12* 

IBS. 

0*010 

0.036 

0.108 

0.258 

0.485 

0.  726 

0.896 

its. 

0.008 

0.008 

0.031 

0.895 

0.  234 

0.453 

0.  69  7 

185. 

0.000 

6.001 

0.604 

0.014 

0.050 

0*148 

0.345 

135. 

0.002 

0.007 

0.085 

0.000 

0.206 

0.41  6 

0.  666 

145. 

0.015 

0.053 

0.148 

0.386 

0.567 

0.793 

0.930 

155. 

0.037 

0. 1 10 

0.262 

0.490 

0.  730 

0.898 

0.973 

165. 

0.033 

0.100 

0.244 

0.466 

0.  710 

0.887 

0.9  69 

175. 

0.010 

0.037 

0*  !  11 

0.863 

0.491 

0.731 

0.899 

185. 

0.801 

0.083 

0.012 

0.042 

0.  !83 

0.285 

0.523 

195. 

0.000 

0.001 

0.003 

0.01! 

0.  039 

0.117 

0.281 

AVE  • 

0.011 

8.036 

0.095 

0.204 

0.363 

0.545 

0.  716 

14. 

16* 

18* 

20. 

22. 

24. 

105. 

0.9  73 

0. 995 

0.999 

1.000 

1.000 

1.000 

tl  5. 

0.880 

0.967 

0.993 

0.999 

1.000 

1.000 

125. 

0.618 

0.856 

0.971 

0.997 

1.000 

1  .000 

13$. 

0.867 

0.966 

0.995 

1.000 

1 . 000 

1.000 

145. 

0.983 

0.997 

1.000 

1.000 

1.000 

1.000 

155. 

0.995 

0.999 

1.000 

1.000 

1 .000 

1.000 

165. 

0.994 

0.999 

1.000 

1.000 

1.000 

1.000 

175. 

0.973 

0.995 

0.999 

1.000 

1.000 

1.000 

185. 

0*765 

0.924 

0.985 

0.998 

1*000 

1*000 

195. 

0.528 

0.782 

0.939 

0.991 

0.999 

1.000 

AVE  • 

0.853 

0.943 

0.988 

0.998 

1.000 

1.000 

o'1 


TABLE  XVI  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Be*a  Nunbers  A,  B,  C,  D*  E,  F,  6  and  H 

T]  =  1/3268  T2  >  1/4950 

PF  »  10*5 

roll  RECEIVER  CASE  4 


S/N  RATIO  (OB) 


VELOCITY 

6. 

2* 

4* 

6* 

«• 

16. 

12* 

165* 

6.612 

6*643 

0.126 

0.292 

0.588 

0.764 

0.916 

115* 

6.663 

0.616 

0.837 

0,111 

0.265 

0.495 

0.736 

IBS* 

6.666 

0.801 

6.004 

6,017 

0.666 

0,173 

6.387 

155* 

6.669 

0.668 

6.830 

6.695 

0*235 

6.458 

0.707 

145* 

6,019 

6.663 

0,171 

0.364 

8*616 

0.825 

0.945 

155* 

6*644 

0*129 

0.296 

0.533 

0.  767 

0.9)0 

0.900 

145* 

6.639 

0.117 

6.276 

0.569 

6*  748 

6.908 

0.977 

ITS* 

0,612 

6.044 

6.199 

6.296 

0.534 

0.  768 

0.019 

185. 

0.691 

6.004 

6.614 

0.056 

6*143 

0.321 

0.567 

its. 

0.866 

0.061 

0.663 

0.013 

6.047 

6.137 

0*31  7 

AVE  • 

0.613 

0.049 

0.169 

6.998 

6.394 

0. 577 

0.745 

14. 

1 6* 

18. 

20* 

22* 

24. 

105* 

0,979 

0.996 

0,999 

1.000 

1.000 

1.000 

115. 

6.908 

0.975 

0.995 

0.999 

1.000 

1*000 

125. 

0.665 

0.886 

0.979 

0.990 

1.000 

1.000 

135. 

6.892 

0.975 

0.997 

1.000 

1.606 

1.000 

145. 

0.988 

6,998 

1.000 

1.000 

1.000 

1.000 

155. 

6*996 

1.000 

1*000 

1.000 

1.000 

1.000 

165. 

0*996 

0.999 

1.000 

1.000 

1.000 

1.000 

175. 

0.980 

0.996 

1.000 

1.000 

1.000 

1.000 

185. 

6.861 

6.041 

0.990 

0.909 

1.000 

1.000 

195. 

6.574 

6.818 

6.954 

0.994 

1.000 

1*000 

AVE  * 

0.877 

0.958 

0.991 

0,999 

1.000 

1.000 

70 


Center  (No  Beam  Averaging) 

Tj  »  1/4010  T2  »  1/2645 

PK  -  IQ'5 


FOR  RCCEIACR  CASE  1 


S/«  RATIO  (00) 


VELOCITY 

a. 

2. 

4. 

6« 

8* 

10. 

12. 

ifls* 

$•090 

0.601 

0*005 

6*016 

0*056 

0.143 

0.  29  6 

MS. 

9.909 

6.630 

0.001 

0*  1  76 

0.311 

0*4  53 

6.  667 

125. 

9.031 

0.004 

0.180 

0.316 

6*469 

0*6.12 

0.  709 

135. 

0.000 

0*071 

0.160 

6*290 

0*448 

0*  508 

0.  71 1 

I  AS* 

0.004 

0.615 

6*646 

0*  M  4 

0*227 

0*3  73 

0.525 

1 55* 

0.000 

0.001 

6*002 

0.606 

0*663 

0.672 

6*  181 

1  65* 

0*602 

0*606 

0*019 

0.05  7 

0.135 

0.25  6 

0.  *05 

|7S. 

0.010 

6.032 

6*086 

6.184 

0.321 

0.4  74 

0.616 

IBS* 

6.026 

0.071 

0*160 

0.291 

0*443 

0.591 

0*717 

IBS* 

0.035 

0.095 

0*267 

0.371 

0*557 

0.726 

0.849 

AVT  «' 

6.014 

0.041 

0.095 

0.182 

6*208 

0*430 

0.  564 

14. 

16. 

18. 

20. 

22. 

24. 

105. 

0.492 

6.681 

6*824 

0.912 

0.959 

0.982 

MS. 

0.726 

0.9 1  6 

0.882 

0.927 

0.958 

0.970 

125* 

6.815 

0.680 

0*922 

0.958 

0.968 

8*930 

135. 

6.004 

0.8  70 

0*916 

0.946 

6*9  65 

0.978 

145. 

6.  660 

6.760 

0.849 

0.907 

0*947 

0.972 

155. 

0.357 

0.S63 

0.  741 

6.864 

0.435 

0.971 

165* 

0.55S 

0.684 

0.785 

0.857 

0.907 

6.941 

175. 

0.733 

0.820 

0.882 

0.923 

0.951 

6*969 

185. 

0.817 

0.890 

0.939 

6.969 

0.985 

8.993 

195. 

0.92$ 

6.965 

0.98  S 

0*993 

0.997 

0.999 

AVE  ■ 

0.689 

0.  794 

8*8  72 

0.925 

0.957 

0.9  76 

■  7i 


TABLE  X«i  (Continued) 


DETCCTIGS  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Beam  Nunbers  A  and  E 

Center  {No  Beast  Averaging) 

T>  *  1/4010  T2  -=  1/2645 

Pp  *  lO"5 


?OR  RECEIVER  case  2 


VELOCITY 

0. 

Sy<9  RATIO 

4. 

<08* 

6* 

§. 

.1#* 

IBS. 

0.00} 

0.t80 

3.886 

*«  @0? 

#»8  71 

#«  ‘  74 

1  i  5* 

4  m? 

@.0i2 

•#*«$« 

#3  i£f 

8*t«? 

>7.354 

8. 

125* 

0.04# 

#*f  i  4 

9*30* 

■  t.S-U 

-0*«$0 

t  3  5* 

0.033 

0.&09 

#4  if  i 

8.  3$g 

.  43-  7 

0,  624 

I  4  S» 

0.006 

e*#g® 

8.05* 

9.  t  08'  ■ 

'  »♦  p  u 

0.418 

I  55“ 

0.000 

0.8it 

«*««£ 

»4  A  is?  . 

8.892 

1  65* 

0.00B 

0.007 

fki'ftj 

8*  g9  1 

I  75* 

0.013 

8.»40 

#.  nr* 

8*  5(5 

10  5. 

0*833 

0.089 

8.  :  ■ 

9*  .499 

4*  631 

I  ?s. 

8.045 

0. 1 18 

8*f4? 

jir-  *■:  r“*  * 

&»  4#9 

8.  HI 

ave  * 

0.018 

f.fSt 

•  "  8.  i  i4 

*i*W 

8*335 

0.  4  67 

14* 

J6i 

10. 

80* 

88. 

94. 

(05. 

MS* 

135* 
!  45* 
!  55. 
S  4*1. 
ITS. 
IAS. 
1*5, 


3*  751  *«839  ■  fkst'T 

*«83*  #,£*5  8.93S 

9*881  «*8?io  0.*26 

a.^?£  O.  7*6  c»8^ 

«<*(*  0.6J9  0.744 

3*597  0.7(8  0.810 

C*t63  #,'342  0*8*6 

«.84t  0.997  0,*5« 

9.*4«  0.9  73  0, 900 


0.930 

8.9  64 

8.906 

9**39 

0»  *65 

0.908 

0.936 

8,*  72 

8.*3g 

0.9  33 

8.970 

9.93} 

S«  9  2 ! 

0*956 

8.9  7? 

8,0*0 

0»9  4* 

0.9  17 

8.0  75 

0.  *  ?  9 

8,  9  49 

0.933 

0*957 

0.973 

0.9  73 

3,9#0 

0.995 

0.9*5 

0.9*8 

0.999 

4V£  c 


0*722  0.020  0.09?  0.937  0,964 


0.9  40 


0.  347 
0.  646 
0.  759 
0.  742 
0.568 
0*  28  J 
0.45« 
o.  *55 

£.  753 
3.0  74 

4.  60} 


TABLE  XVI I  (Continued) 

DETECTION  PROBABILITY  FOP  COHERENT  HTI  MODE 
Beam  Nunbers  A  and  E 

Center  (No  Beam  Averaging) 

T1  «  1/4010  T2  *  1/2645 

Pc  =  10"5 


fOR  RECEIVER  CASE  3 


S/W  RATIO  ( D8> 


VELOCITY 

#V 

2. 

■4* 

6* 

8. 

10. 

12. 

10$, 

0.001 

ft.  803 

ft*  ft  1-2 

0.045 

0.  1  4» 

0.  335 

0.593 

IIS. 

0.023 

8.073 

8.283 

0*39? 

ft.  630 

0.  772 

0.883 

1 2S« 

0.0C1 

0.207 

0.399 

8.688 

0.  77? 

0,5&6 

0.94? 

1  35» 

0.066 

O.  1  79 

8.368 

0.5  72 

0  .  751 

0.8  ?l 

0.939 

M$. 

0.010 

8.039 

0.119 

0.3  73 

8.479 

0.  6  78 

3.s>25 

tss. 

0.000 

8.001 

0.804 

0.0  IS 

8.256 

8.  161 

0.  410 

t  6$. 

0.003 

8.0  S  4 

8.8SI 

ft.  1  45 

8.314 

0.  534 

0.  714 

ITS. 

0*025 

0.864 

0.818 

8.406 

0.614 

0*  702 

8.889 

185. 

0.067 

0.  1  79 

0.  363 

0.5  73 

8.  753 

0.8?3 

0.942 

J9$. 

0.891 

0.238 

0.  449 

0.664 

0.8  60 

0.9  52 

8.  98  7 

AVE  • 

0.03? 

S*  101 

0.85  7 

8.371 

0.  53$ 

3.665 

3.613 

I  4» 

1  6, 

10. 

20. 

22. 

24. 

195. 

0.812 

8.934 

0.  982 

8.996 

8*999 

1*008 

1 1  $. 

8.94$ 

8. *76 

0.998 

0.99  y 

0.999 

1.000 

1  25« 

8.976 

8.998 

8.996 

0.990 

8.999 

1.000 

1  35  * 

8.9  73 

0.983 

0.995 

fc.998 

0.9?9 

1*  800 

MS. 

0.414 

0.9  62 

0,  98  4 

8.994 

8,998 

1  .  880 

1  35. 

8.  676 

0.860 

0.959 

6,  998 

1,000 

;  63. 

8.848 

0.926 

8.967 

0.9S6 

8.994 

0.  998 

1  ?5. 

8-940 

0.9  77 

8.990 

0.996 

8.^9# 

0.  *99 

185. 

8.9  77 

8.992 

8.998 

0.  999 

1 . 000 

1 . 808 

195. 

0,99? 

0.  *9« 

1  .#88 

t .  3-.#8 

1 . 000 

A9E  = 

4.907 

0.961 

3.?5t 

4.793 

8.  795 

8.799 

TABLE  XVII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 

Center  (No  Beam  Averaging) 

T-j  =  1/4010  T2  *  1/2645 

Pp  -  10“5 


FOR  RECEIVER  CASE  4 


S/N  RATIO  <  DB) 


VELOCITY 

0. 

2. 

4. 

6* 

8. 

10. 

12. 

105* 

0.  001 

0o  004 

0.014 

0.05  4 

0.  1  65 

0.376 

0.  637 

1  1  5. 

0.028 

0.092 

0.  228 

0.  429 

0.  636 

0.  79  7 

0.899 

125* 

0.096 

0.235 

0.  43  7 

0.  643 

0.802 

0.901 

0.954 

135. 

0.079 

0.205 

0.  399 

0.  609 

0.  779 

0.888 

0.947 

1  45. 

0.013 

0.047 

0.  1  38 

0.306 

0.  51  7 

0.  710 

0.846 

1  55. 

0.  000 

0.  00! 

0.  005 

0.019 

0.070 

0.21  1 

0.  456 

165. 

0.004 

0.01  7 

0.061 

0.  1  68 

0.34C 

561 

0.  744 

175. 

0.031 

0.099 

0.241 

0.444 

0.  650 

0.807 

0.  904 

185. 

0.079 

0.205 

0.  400 

0.  610 

0.  780 

0.890 

0.951 

195. 

0.  1  18 

0.263 

0.  491 

0.  721 

0.883 

0.962 

0.990 

AVE  a 

0.  044 

0.  1  1  7 

0.241 

0.  400 

0.  563 

0.  710 

0.833 

1  4. 

1  6. 

18. 

20. 

22. 

24. 

105. 

0.842 

0.9  48 

0.986 

0.99  7 

0.999 

1.000 

1  1  5. 

0.933 

0.980 

0.992 

0.997 

0.999 

1  » 000 

123. 

0.980 

0.992 

0.996 

0.999 

0.999 

1.000 

135. 

0.977 

0.990 

0.996 

0.998 

0.999 

1.000 

145. 

0.926 

0.967 

0.987 

0.995 

0.999 

1.000 

1  55. 

0.718 

0.892 

0.968 

0.992 

0.998 

1.000 

1  65. 

0.867 

0.937 

0,972 

0.988 

0.995 

0.998 

!  75. 

0.956 

0.981 

0.992 

0.997 

0.999 

0.999 

185. 

0.981 

0.994 

0.  998 

1.000 

1.000 

1 . 000 

195. 

0.998 

1.000 

1 . 000 

1  .000 

1.000 

1.000 

AVE  ■ 

0.920 

0.968 

0.989 

0.996 

0.999 

I  *000 

74 


TABLE  XVIII 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 


T1  «  1/3268 

PF  =  10 

FOR  RECEIVER  CASE  1 


VELOCITY 

0. 

2  • 

S/N  RATIO 
4. 

105. 

0.010 

0.031 

0.083 

1 1  5. 

0.002 

0.  008 

0.027 

1 25. 

0.000 

0.  001 

0.  004 

135. 

0.002 

0.007 

0.022 

1  45. 

0.014 

0.044 

0.110 

155. 

0.032 

0.08  5 

C.182 

165. 

0.029 

0.078 

0.  1  71 

175. 

0.010 

0.032 

0.085 

185. 

0.001 

0.003 

0.01  1 

19  5. 

0.  000 

0.  081 

0.  003 

AVE  s 

0.010 

0.029 

0.070 

14. 

1  6. 

18. 

105. 

0.  729 

0.818 

0.880 

i  1  5. 

0.  594 

0.  71  6 

0.808 

125. 

0.438 

0.  632 

0.  789 

135. 

0.  59  7 

0.  740 

0.8  48 

145. 

0.  761 

0.841 

0.896 

1  55. 

0.819 

0.881 

0.923 

1  65. 

0.812 

0.876 

0.919 

175. 

0.  732 

0.819 

0.88  1 

185. 

0.  512 

0.  672 

0.802 

19  5. 

0.361 

0.  547 

0.  716 

s 

0.  636 

0.  754 

0.846 

T2  «  1/4950 


CDB> 


6* 

8. 

10. 

12. 

0.  180 

0.31  6 

0.4  69 

0.  612 

0.374 

0.  1  65 

0.297 

0.  449 

0.  014 

0.  044 

0.  1  1  7 

0.  252 

0.064 

0.  1  48 

0.2  77 

0.  435 

0.221 

0*366 

0.5  18 

0.  653 

0.319 

0.472 

0.  614 

0.  731 

0*305 

0.  457 

0.  602 

0.  721 

0.  183 

0.320 

0.4  72 

0.  615 

0.  036 

0.09  4 

0.198 

0.  345 

0.01  i 

0.034 

0.092 

0.201 

0.  1  41 

0.  241 

0.3  65 

0.  5fe>  1 

20. 

22. 

24* 

0.922 

0.950 

0.9  68 

0.8  74 

0.919 

0.950 

0.891 

0.948 

0.9  77 

0.920 

0.961 

0.982 

0.934 

0.959 

0.9  76 

0.950 

0.968 

0.980 

0.948 

0.967 

0.9  79 

0.924 

0.952 

0.971 

0.892 

0.946 

0.975 

0.8  42 

0.921 

0.963 

0.910 

0.9  49 

0.9  72 

TABLE  XVIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  NT I  MODE 
Seam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

T1  =  1/3268  T2  =  1/4950 

Pc  =  I0"5 


FOR  RECEIVER  CASE  2 


VELOCITY 

0. 

2. 

S/N  RATIO 

4. 

105. 

0.012 

0.  040 

0.  104 

!  t  5. 

0.  00.3 

0.01  1 

0.035 

125. 

0 *  000 

0.001 

0.  005 

13  5. 

0.  002 

0.009 

0.029 

145. 

0.019 

0.056 

0.  1  35 

1  55. 

0.  04! 

0.  1  05 

0.21  7 

1  65. 

0.037 

0.  097 

0.204 

!  75* 

0.013 

0.  041 

0.106 

185. 

0 .  00 1 

0.  004 

0.01  5 

195. 

0.  000 

0.  00 1 

0.  004 

AVE  = 

0.  013 

0.037 

0.085 

1  4. 

1  6. 

ts. 

105. 

0.  759 

0.839 

0.89  5 

1  1  5. 

0.  634 

0.  747 

0.831 

12  5. 

0.  494 

0.  683 

0.825 

135. 

0.  641 

0.735 

0.8  73 

145. 

0.  789 

0.860 

0.909 

1  55. 

0.8  4C 

0.896 

0.933 

1  65. 

0.834 

0.891 

0.930 

1  75. 

762 

0.841 

0.896 

185. 

0.  560 

0.  713 

0.833 

1  ?  5. 

0.412 

0.  599 

0.  759 

VVE  = 

0.  6  72 

0.  784 

0.868 

(DB> 


6* 

8. 

10. 

12. 

0.214 

0.360 

0.  513 

0.  650 

0.093 

0.19  7 

0.339 

0.493 

0.018 

0.056 

0.  1  45 

0.  298 

0.081 

0.  1  79 

0.320 

0.  483 

0.259 

0.410 

0.  565 

0.  689 

0.  362 

0.51  6 

0.  653 

0.  761 

0.348 

0.502 

0.  641 

0.  752 

0.21  7 

0.  363 

0.  51  6 

0.  653 

0.  04 6 

0.116 

0.235 

0.  391 

0.014 

0.  0^4 

0.114 

0.240 

0.  1  65 

0.274 

0. 404 

0.  541 

20. 

22. 

24  * 

0.932 

0.956 

0.9  72 

0.890 

0.930 

0.957 

0.9  13 

0.9  59 

0.982 

0.935 

0.9  69 

0.986 

0.9  42 

0.9  65 

0.980 

0.957 

0.9  72 

0.983 

0.  955 

0.9  71 

0.  982 

0.  934 

0.959 

0.9  76 

0.912 

0.957 

0.98! 

0.R71 

0.937 

0.9  71 

0.924 

0.9  58 

0.9  77 

7( 


TABLE  XVIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 


Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

T1  =  1/3268  T2  «  1/4950 

PF  =  ID'S 


FOR  RECEIVER  CASE  3 


VELOCITY 


0. 


S/N  RATIO  ( DB>. 
2*  4.  6. 


8  »  1 0 » 


105. 

115. 

125. 

135. 

145. 

155. 

165. 

175. 

185. 

195. 


0.024 

0.081 

0.286 

0.005 

0.020 

0.  070 

0.001 

0.002 

0.009 

0*  004 

0.01  6 

0.058 

0.037 

0.113 

0.264 

0.082 

0.209 

0.403 

0.074 

0.194 

0.383 

0.025 

0.083 

0.210 

0.002 

0.007 

0.  029 

0 . 000 

0.002 

0.007 

0.399 

0.  608 

0.  777 

0.  185 

0.371 

0.  582 

0.  034 

0.111 

0.2/9 

0.  1  62 

0.340 

0.555 

0.  4  69 

0.  669 

0.819 

0.61  1 

0.  779 

0.888 

0.  593 

0.  766 

0.880 

0.  404 

0.  612 

0.  780 

0.092 

0.229 

0.431 

0.026 

0.08  7 

0.224 

AVE  a 


0.025 


0.073  0.164  0.298 


0.457  0.621 


105. 
115. 
125. 
1  35» 
145. 
1  55. 
1  65. 
175. 
18  5. 
195. 

AVF  a 


1  4. 

1  6. 

18. 

0.947 

0.9  76 

0.  990 

0.875 

0.941 

0.9  74 

0.  761 

0.909 

0.973 

0.881 

0.954 

0.986 

0.959 

0.982 

0.992 

0.977 

0.990 

0.996 

0.975 

0.989 

0.995 

0.948 

0.9  77 

0.  990 

0.819 

0.925 

0.9  75 

0.  672 

0.852 

0.948 

0.881 

0.950 

0.982 

20. 

22. 

24* 

0.996 

0.998 

0.999 

0.989 

0.995 

0.998 

0.993 

0.999 

1.000 

0.996 

0.999 

1 . 000 

0.997 

0.999 

1 . 000 

0.998 

0.999 

1 .000 

0.998 

0.999 

1  *  000 

0.996 

0.998 

0.999 

0.993 

0.998 

1.000 

0.98" 

0.997 

0.  999 

0.994 

0.99& 

0.999 

12. 

0o  88  6 

0.  758 
0.526 
0.  747 
0.910 
0.947 
0.  943 
0.888 
0.  646 
0.438 

0.  769 


TABLE  XVIII  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 

Center  (No  Beam  Averaging) 

=  1/3268  T2  =  1/4950 

PF  =  10~5 


TOR  RECEIVER  CASE  4 


S/N  RATIO  (OB) 


VELOCITY 

0. 

2. 

4. 

6. 

8. 

10. 

12. 

1 05  ♦ 

0.030 

0*09  6 

0.235 

0.437 

0.  643 

0.802 

0*901 

115* 

0. 006 

0.02S 

0.083 

0.212 

0*408 

0.  618 

0.  785 

125. 

0.001 

0.003 

0*01 1 

0.041 

0.131 

0.31  7 

0.571 

135. 

0.005 

0.020 

0.070 

0.  187 

0.376 

0.593 

0.  777 

145. 

0.045 

0.132 

0.296 

0.507 

0.702 

0.841 

0.  923 

155. 

0.097 

0.238 

0.441 

0.647 

0.805 

0.903 

0.955 

165. 

0*088 

0.222 

0.420 

0*  628 

0.  792 

0.896 

0.951 

175. 

0.030 

0.098 

0.239 

0.442 

0.  647 

0.805 

0.903 

185. 

0*002 

0.009 

0.035 

0.109 

0.259 

0.4  70 

0.  682 

195. 

0.001 

0.002 

0.008 

0.032 

0.103 

G.255 

0.  480 

AVE  a 

0.030 

0.084 

0.  184 

0.324 

0.487 

0.  650 

0.  793 

14* 

16. 

18. 

20. 

22. 

24* 

105. 

0.954 

0.98.0 

0.992 

0.996 

0.999 

0.999 

113. 

0.891 

0.949 

0.978 

0.991 

0.996 

0.999 

>  25* 

0.  796 

0.926 

0.9  79 

0.995 

0.999 

1.000 

135. 

0.899 

0.9  63 

0.989 

0.997 

0.999 

1 . 000 

145. 

0.965 

0.985 

0.994 

0.998 

0.999 

1.000 

1  55. 

0.980 

0.992 

0.997 

0.999 

0.999 

1 . 000 

1  65. 

0.979 

0.991 

0.996 

0.998 

0.999 

1 . 000 

1  75. 

0.955 

0.980 

0.992 

0.99  7 

0.999 

I  *  000 

185. 

0.844 

0.938 

0.980 

0.995 

0.999 

l  .  000 

195. 

0.710 

0.875 

0.9  55 

0.989 

0.997 

. 0.999 

AVE  * 

0.897 

0.9  58 

0.985 

0.995 

0.999 

1.000 

7S 


TABLE  XIX 


DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 

Center  (No  Beam  Averaging) 

T1  =  1/4010  T2  =  1/2645 

PF  =  IQ"6 

GIVE.  SN  OF  SINGLE  PULSE#  AND  RECEIVER  CASE 


101#  1 

V 

PD1 A 

PD1B 

PDS 

105 

0.557 

0.711 

0.8  72 

115 

0.045 

0.901 

0.905 

125 

0.  000 

0.937 

0.937 

135 

0.000 

0.932 

0.932 

145 

0.052 

0.872 

0.8  79 

155 

0.568 

0.552 

0.806 

1  65 

0.823 

0.000 

0.823 

175 

0.904 

0.000 

0.904 

185 

0.932 

0.340 

0.955 

195 

0.939 

0.832 

0.990 

AVERAGE  PROB.  «  0.900 


GIVE  SN  OF  SINGLE  PULSE#  AND  RECEIVER  CASE 
*  42#  1 


V  PDS  A  PD1B  PDS 


105 

0.267 

0.  4  54 

0.  600 

115 

0.  003 

0.780 

0.  781 

125 

0 . 000 

0.856 

0.856 

135 

0.  000 

0.845 

0.845 

145 

0.  004 

0.  724 

0.  725 

155 

0.278 

0.262 

0.  467 

165 

0.  632 

0.  000 

0.  632 

175 

0.  78  7 

0.  000 

0.  78  7 

185 

0.846 

0.098 

0.861 

195 

0.8^1 

0.  649 

0.951 

AVERAGE  PROB.  *  0.75  0 


7'J 


TABLE  XIX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  £ 

Center  (No  Beam  Averaging) 

T]  =  1/4010  T2  =  1/2645 

PF  »  10"6 


GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


*  16.55*1 


V 

PD1 A 

PD1B 

PDS 

105 

0.055 

0.  1  61 

0.207 

1  15 

0.  000 

0.543 

0.  543 

125 

0.000 

0.  680 

0.  680 

135 

0.  000 

0.  659 

0.  659 

145 

0 . 000 

0.455 

0.455 

155 

0.060 

0.053 

0.110 

1  65 

0.332 

0.000 

0.332 

175 

0.5  54 

0.  000 

0.  554 

185 

0.  659 

0.010 

0.  662 

195 

0.  688 

0.353 

0.798 

AVERAGE  PROB.  =  0.500 

GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


a  8  6*  5  j  2 
V 

PD2A 

PD2B 

PDS 

105 

0.5  55 

0.  710 

0.871 

115 

0.  041 

0.901 

0»  9  0  5 

125 

0.000 

0.937 

0.937 

135 

0.000 

0.932 

0.932 

145 

0.048 

0.872 

0.8  79 

1  5  5 

0.566 

0.  550 

0.805 

1  65 

0.823 

0.000 

0.823 

1  75 

0.904 

0.000 

0.904 

155 

0.932 

0.335 

0.955 

195 

0.939 

0.332 

0.  99? 

AVERAGE 

PROB.  a 

3.900 

TABLE  XIX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

T-j  =  1/4010  T2  =  1/2645 

PF  =  10’6 


GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


a  36.2*2 
V 

PD2A 

PD2B 

PDS 

105 

0.264 

0.453 

0.597 

115 

0. 003 

0.  781 

0.  782 

125 

0.000 

0.857 

0.857 

135 

0.000 

0.846 

0.846 

145 

0.004 

0.  725 

0.  726 

1  55 

0.275 

0.259 

0.463 

1  65 

0.  632 

0. 000 

0.  632 

1  75 

0.  788 

0.000 

0.788 

185 

0.846 

0.094 

0.861 

195 

0.8  62 

0.650 

0.9  52 

AVERAGE  PROB.  ~  0.75  0 

GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 
a  14.35*2 


V 

PD2A 

PD28 

POS 

105 

0.052 

0.  1  58 

0.202 

115 

0 .  000 

0.  545 

0.  545 

125 

0. 000 

0.682 

0.  682 

135 

0.  000 

0.  661 

0.  661 

145 

0.  000 

0.456 

0.456 

155 

0.057 

0.050 

0*  1  04 

1  65 

0.332 

0.000 

0.332 

1  75 

0.556 

0.000 

0.  556 

185 

0.  661 

0.008 

0.  664 

195 

0.  691 

0.353 

0*800 

0.500 


AVERAGE  PROP.  * 


TABLE  XIX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Numbers  A  and  E 

Center  (No  Beam  Averaging) 

T1  ■  1/4010  T2  s  1/2645 

Pp  =  io-6 


67, VE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 
»  30*3 


V 

PD3A 

PD3B 

PDS 

105 

0*402 

0.  657 

0.  795 

115 

0*003 

0.9  42 

0.942 

125 

0.000 

0.975 

0.975 

135 

0. 000 

0.971 

0.9  7! 

145 

0.004 

0.909 

0.909 

155 

0.419 

0.394 

0.  648 

165 

3.840 

0.  000 

0.840 

175 

0.945 

0.000 

0.945 

185 

0.971 

0.138 

0.975 

195 

0.977 

0.855 

0.99  7 

AVERAGE 

PROB.  » 

0.900 

VE  SN 
15.65* 

OF  SINGLE 
3 

PULSE*  AND 

RECEI VER 

V 

PD3A 

PD3B 

PDS 

105 

0.  i  40 

0.360 

0.449 

115 

0.000 

0.836 

0.836 

125 

0.000 

0.923 

0.923 

135 

0.000 

0.912 

0.912 

145 

0.000 

0.  760 

0.  760 

155 

0.  150 

0.  135 

0.265 

1  65 

0.  624 

0.000 

0.624 

175 

0.844 

0.000 

0.844 

185 

0.912 

0.025 

0.914 

195 

0.927 

0.  650 

0*9  74 

0.  750 


s: 


AVERAGE  PROB.  a 


TABLE  XIX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Nunbers  A  and  E 

Center  (No  Beam  Averaging) 

T ]  =  1/4010  T2  ■  1/2645 

PF  -  10-6 


GIVE  SN  or  SINGLE  PILSE#  AND  RECEIVER  CASE 


7. 2#  3 

V 

PD3A 

PD3B 

PDS 

105 

0.017 

0.085 

0.  100 

115 

0.000 

0.561 

0.  561 

125 

0.000 

0.75  1 

0.  751 

135 

0.000 

0.  723 

0.  723 

145 

0.000 

0.434 

0.434 

155 

0.019 

0.016 

0.034 

165 

0.268 

0.000 

0.268 

175 

0.576 

0.000 

0*  576 

185 

0.723 

0.802 

0.  724 

!  9  5 

0.762 

0.29  6 

0.832 

AVERAGE  PROB.  »  0.500 


GIVE  SN  OF  SINGLE  PULSE#  AND  RECEIVER  CASE 


a  27. 8#  4 

V 

PD4A 

PD48 

PDS 

105 

0.399 

0.656 

0.  794 

115 

0.003 

0.943 

0.9  43 

125 

0.000 

0.975 

0.9  75 

135 

0.000 

0.972 

0.972 

145 

8.003 

0.910 

0.910 

155 

0.  416 

0.391 

0.  645 

165 

0.841 

0.000 

0.841 

175 

0.946 

0.000 

0.946 

185 

0.9  72 

0.  134 

0.975 

195 

0.977 

0.855 

0.997 

AVERAGE  PROB.  ■  0.900 


TABLE  XIX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MODE 
Beam  Njnbers  A  and  E 

Center  (No  Beam  Averaging) 

TI  *  V4010  T2  =  1/2645 

Pp  =  10"6 


GIVE  SN  OF  SINGLE  FULSE#  AND  RECEIVER  CASE 
a  I  A. 55  » A 


V 

1  05 

1  1  5 

125 

!  35 

145 

155 

1  65 

175 

185 

195 


PD4A 

PD4B 

PDS 

0.136 

0.358 

0.  445 

0.  000 

0.838 

0.838 

0.000 

0.924 

0.924 

0.000 

0.913 

0.913 

0.000 

0.761 

0.  761 

0*  !  47 

0.131 

0.259 

0.624 

0.000 

0*  624 

0.846 

0.  000 

0.  8  46 

0.913 

0.023 

0.915 

0.928 

0.  651 

0.975 

AVERAGE  PROS,  a  0.750 


GIVE  SN  OF  SINGLE  PULSE#  AND 


5  6.  7 >  4 

V 

PD4A 

PD49 

105 

0.015 

0.082 

115 

0 . 000 

0.  562 

125 

0.  000 

0.  753 

135 

0.000 

0.725 

145 

0.000 

0.  433 

1  55 

0.01  7 

0.01  4 

1  65 

0*2  66 

0.000 

175 

0.5  77 

0.000 

185 

0.725 

0.C01 

195 

0.764 

0.293 

RECEIVER  CASE 

PDS 
0*09  6 
0*  562 
0.  753 
0*  725 
0.  -133 
0.031 
0.  266 
0.  577 
0*  725 
0.833 


0.  S00 


AVERAGE  PROB.  a 


TABLE  XX 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

*  1/3268  T2  -  1/4950 

Pp  =  IQ'6 


GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


I  18*  1 

V 

PIMA 

PD1B 

ros 

105 

0.000 

0.916 

0.916 

IIS 

0.003 

0.863 

0*8  63 

J  25 

0.  $43 

0.728 

0.876 

135 

0.8  53 

0.379 

0.909 

145 

0.927 

0.010 

0.  928 

15$ 

0.946 

0.000 

0.946 

16$ 

0.944 

0.000 

0.9  44 

175 

0.917 

0.006 

0.917 

185 

0.813 

0.348 

0.8  78 

195 

0.377 

0.  71  < 

0.S22 

AVERAGE  PRQ3.  *  0.900 


GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


a  50.7,1 
V 

PDl  A 

PDl  8 

PDS 

105 

0.000 

0.817 

0.017 

1  1  $ 

0.000 

0.  71  4 

0.  71  4 

125 

0.  263 

0.  490 

0.  624 

1  3  5 

0.  69  6 

0.  129 

0.735 

:  45 

0.840 

0.001 

0.8  40 

1SS 

0.880 

0.000 

0.880 

1  65 

0.875 

0.000 

0.875 

175 

0.8  18 

0.000 

0.8  18 

185 

0.  62  4 

0.109 

9.  665 

195 

0.  128 

0.  469 

0*53  7 

0.  ?S0 


AVERAGE  PROS.  s 


TA8LE  XX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  HOPE 
Beam  Nunbers  A  and  E 

Center  (No  Beam  Averaging) 

T]  *  1/3268  T2  »  1/4950 

*  I0*6 

I- 


GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


*  20.55 

*  1 

V 

POl  A 

poi  a 

PDS 

105 

0.  000 

0.  614 

0.  614 

ns 

0.000 

0.449 

0.  449 

125 

e.057 

0.197 

0*2  43 

13S 

0.  424 

0.016 

0.433 

t  AS 

0*656 

0.  000 

0.656 

l  55 

@.733 

0.000 

0.  733 

165 

0.  724 

0*  000 

0.724 

175 

0*  617 

0.000 

0.617 

185 

0*  333 

0.012 

0.341 

195 

0.0$  6 

0. 180 

0.193 

AVERAGE 

PROS.  » 

0.5  00 

GIVE  &N 

OF  SINGLE 

PULSE.  AND 

RCCEI VER 

*  101*3* 

2 

V 

PU2A 

P028 

POS 

10!^ 

0*000 

0.91  6 

«.?  1  6 

115 

0*  002 

0.8  63 

0*8  irA 

125 

0.542 

0.728 

0.8?5 

135 

0.854 

0.  376 

0.909 

145 

0*92? 

0.009 

8*9§8 

155 

0.947 

a.  000 

8.947 

1  65 

0.  944 

0.000 

0.944 

175 

0.917 

0.  005 

0.91? 

18$ 

0»8t  3 

0.344 

0.8  78 

195 

0.  374 

0.714 

0.821 

*  *  0.900 


w. 


AVERAGE  PROS 


-•  T$?t£-  *X  (Continued) 

ommm  mmmitf?  for  coherent  mti  mode 
6i*awi  Hw&&r%  i 


£mtgr  {Ho  Beam  Averaging) 


!r»- 

1/3268 

T2 

»  1/4950 

PF 

*  IQ”6 

srv$  m 

OF  SINGLE 

PULSE.  AND 

RECEI  VEK 

»  43*  6*2 

V 

P02A 

PD28 

PDS 

f@S 

0,  000 

#.617 

0. 8  1  7 

115 

S*@3f 

0*  714 

0*  714 

1  25 

9,260 

0.  4§§ 

621 

135 

0.69  6 

@.124 

734 

145 

0.840 

0.0.C3 

0.840 

15  5 

0.831 

0,000 

0*38  1 

165 

0.876 

0.000 

3,8  76 

1  75 

0.819 

0.©@® 

S.819 

135 

0*624 

0‘ies 

@»  664 

195 

0.123 

0.468 

0.  533 

average 

PROS.  «  0 

.  75# 

GIVE  £N 

or  SINGLE 

PULSE*  AND 

RECEI VER 

*■  17. 8*2 

V 

P02A 

PD  26 

PDS 

105 

e.  §@a 

0.  61  6 

0,  61  6 

1  1  S 

8.  000 

0.  45# 

0.450 

!  25 

0.05  4 

0.  194 

0.238 

135 

0.  424 

0.915 

0.  433 

1  45 

0.  658 

0-000 

0.  6  $8 

155 

0.  735 

@.@@0 

8.  735 

1  65 

0.  72  6 

3.000 

8.  726 

5  75 

0.  619 

0.00# 

9,  61s? 

195 

0.332 

0.31  ! 

0.  339 

195 

01  4 

0.  178 

189 

AVERAGE  PROS.  =  0.S00 


TABLE  XX  (Continued) 

DETECTION  PROBABILITY  FOR  rnHERENT  MTI  MODE 
Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

T1  =  1/3268  T2  =  1/4950 

PF  .  «  TO'6 


GIVE  SN 

OF  SINGLE 

PULSE/  AND 

REG El VEP 

-  3  * '  6/  3 

V 

PD3A 

PD3B 

PDS 

105 

.  0.000 

0.9  5-6 

0.956 

1  15 

0.  000 

0.895 

0.895 

125 

0.375 

0.  681 

0.801 

135 

0.802 

0.171 

0.902 

145 

0.966 

0.  000 

0.966 

155 

0.981 

0.000 

0.981 

1  65 

0.979 

0.000 

0.9  79 

175 

0.957 

0.  000 

0.957 

185 

0.822 

0.  142 

0.847 

195 

0. 1  j9 

0.  657 

0.  715 

AVERAGE 

PROS,  a 

0.9  00 

GIVE  SN 

OF  SINGLE 

PULSE/  AND 

RECE I VER 

a  18.  6/3 

V 

PD3A 

PD3B 

PDS 

105 

0. 000 

0.877 

0.877 

115 

0c  000 

0.  740 

0.  740 

125 

0.132 

0.403 

0.482 

135 

0.713 

0.  037 

0.  724 

145 

0.903 

0*  000 

0.903 

1  55 

0.943 

0.  000 

0.9  43 

1  65 

0.938 

0.  000 

0.9  38 

1  75 

0.379 

0.  000 

0.8  79 

185 

0.  606 

0.028 

0.617 

195 

0.036 

0.  374 

0.  397 

AVERAGE 

PR08.  * 

0.  750 

TABLE  XX  {Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTT  MODE 


Beam  Nunbers  A  and  E 


Center  (No  Beam  Averaging) 

T]  =  1/3263  T2  =  1/4950 


PF  =  10~6 


GIVE  SN 

OF  SINGLE 

PULSE*  AND 

r.ECEI  V 

*  8«  95* 
V 

3 

PD3A 

PD3B 

PDS 

105 

0.000 

0.662 

0.  662 

115 

0*  000 

0.427 

0.  427 

125 

0.018 

0.11? 

0*  133 

135 

0.395 

0.003 

0.393 

MS 

0.719 

0.300 

0.  719 

155 

0.818 

0.000 

0.818 

165 

0-806 

0.000 

0.806 

175 

0.666 

0.000 

0.  666 

185 

0.269 

0.002 

0.271 

195 

0.003 

0.102 

0.  105 

AVERAGE 

PROB.  = 

0.500 

GIVE  SN 

OF  SINGLE 

PULSE*  AND 

RECEI  VI 

a  32*4 

V 

PD4A 

PD4B 

PDS 

105 

0.000 

0.956 

0.956 

115 

0.000 

0.895 

0.895 

125 

0.371 

0.680 

0.  799 

135 

0.882 

0*166 

0.902 

145 

0.9  67 

0.000 

0.967 

155 

0.981 

0.000 

0.981 

165 

0.980 

0. 000 

0.980 

175 

0.957 

0.000 

0.957 

185 

0.823 

0.137 

0.847 

195 

0.1  64 

0.656 

0.  712 

AVERAGE 

PROB.  = 

0.9  00 

V) 


TABLE  XX  (Continued) 

DETECTION  PROBABILITY  FOR  COHERENT  MTI  MOPE 
Beam  Numbers  A  and  E 


Center  (No  Beam  Averaging) 

Tt  *  1/3268  T2  *  1/4950 


PF  =  10‘6 


GIVE  SN  OE  SINGLE  PULSE*  AND  RECEIVER  CASE 
*  17.3*4 


V 

FD4A 

PD4B 

PDS 

105 

0.  000 

0.8  79 

0.8  79 

115 

0.000 

0.  741 

0.741 

125 

0.  128 

0.402 

0.479 

135 

0.715 

0.035 

0.725 

145 

0.905 

0.000 

0.905 

155 

0.944 

0.000 

0.944 

1  65 

0.940 

0.000 

0.9  40 

175 

0*881 

0.  000 

0.88! 

185 

0.606 

0.026 

0.617 

195 

0.034 

0.373 

0.  394 

AVERAGE 

PROB.  a 

0.750 

GIVE  SN  OF  SINGLE  PULSE*  AND  RECEIVER  CASE 


*  8.35*4 
V 

PD4A 

PD4B 

PDS 

105 

0.000 

0.  664 

0.  664 

115 

0.000 

0.427 

0.427 

125 

0*016 

0.  1  15 

0.129 

135 

0*391 

0.003 

0.393 

145 

0.  722 

0.000 

0.722 

1  55 

0. 820 

0.  000 

0s  820 

165 

0.809 

0.000 

0.8  09 

175 

0*  668 

0.000 

0.  668 

185 

0.268 

0.002 

0.269 

195 

0*003 

0.099 

0. 182 

AVERAGE 

PROB.  * 

0.500 

90 


TABLE  XXI 

S/N  FOR  SCAN  MODE  PF  *  10"“ 
Comparison  Ward  -  Vannicola 


Probability  of  Detection 

50$  75$  90$ 

1 

1 

95$ 

BEAMS 

Ward 

4.4 

6.8 

9.4 

j 

10.9 

Center  A  only 

Using  Barton 

5.8 

7.8 

9.7 

10.7 

AUB  Position  Average 

Vannicola  Using 

4.5 

7.2 

9.8 

11.7 

Center  A  only 

Appendix  B 

5.7 

8.0 

10.1 

11.3 

AUB  Position  Average 

TABLE  XXII 

S/N  (DB)  FOR  75%  DETECTION  PROBABILITY 


BEAMS  SCAN 


MTI  MTI  LOSS 


Ward  Pp  a  10“ 4 
Average  Velocity 


Vannicola  10'4  ( 

Average  over  all  T 


Vannicola  Pp  *  10~5 
Average  over  all  T 


Vannicola  Pp  *»  10‘5 
Average  over  all  T 


PF  ■  10‘5  I2 

T1  ■  1/4010  T2  a  1/2645  I2  *  Q2 


I2  +  Q2 


I2  +  Q2 


I2  +  Q2 


I2  +  Q2 


Pp  =  10-5  j  I2  (AUB)U(EUF)  6.7 

Tj  »  1/4010  T2  *  1/2645  )  I2  +  Q2  (AUB)U(EUF)  6. 


19.1  10.3 


14.7  3.0 


APPENDIX  A 

DETECTION  OF  SLOW  FLUCTUATING  TARGETS 
WITH  FREQUENCY  DIVERSITY  CHANNELS 

by 

Vincent  Vannicola 
Introduction 


In  this  appendix  an  exact  closed-form  expiession  for  the  radar  detection  probability  is  derived  and  tabulated  for 
a  frequency  diversity  radar  receiver.  The  receiver  model  performs  post  detection  integration  on  all  received  pulses  in 
all  diversity  channels.  The  target  model  assumed  is  the  slow  fluctuating  Rayleigh-distributed  (Swerling  Case  I  Target) 
scattcrer.  Each  of  the  M  frequency  diverse  channels  receives  N  amplitude  corrected  returns  to  give  a  total  of  NM 
post  square  law  detection  integrations.  The  tabulated  data  computed  herein  falls  between  the  two  extreme  cases; 
that  for  which  all  the  returns  are  amplitude  correlated  and  that  for  which  each  return  is  independent,  The  plotted 
results  fall  close  to  the  figures  obtained  through  simple  empirical  relationships. 

Returns  from  radar  targets  generally  fluctuate  in  amplitude  and  phase  according  to  some  probability  density 
function  and  some  fluctuation  rate.  If  one  is  to  analytically  detetmine  the  detection  probability  foi  a  particular  type 
of  target  in  a  noise  environment,  it  is  necessary  that  the  statistics  of  target  return  and  noise  be  known.  Although  it  is 
not  always  possible  to  characterize  the  actual  target  return  statistics,  one  can  make  a  good  appioximation  which 
gives  remarkable  results  for  a  wide  variety  of  target  and  noise  situations. 

The  four  target  cases  modeled  and  evaluated  by  Swerling l1 1  arc  well  kit"wn  to  radar  engineers  and  have  met  with 
great  acceptance.  The  situation'  which  these  cases  cover  arc  of  two  extrem  s: 

1 .  That  of  a  slowly  fluctuating  target  where  the  cross  section  is  random  and  remains  correlated  during  the  scan 
time.  The  pulses  reflected  off  such  a  target  are  correlated  with  each  other  in  amplitude  during  that  scan  although  the 
pulsc-to-pulse  phase  may  be  independent. 

2.  That  of  a  rapidly  fluctuating  target  where  the  cross  section  becomes  uncorrclated  from  pulse  to  pulse.  The 
received  amplitude  and  phase  are  independent  from  pulse  to  pulse.  The  noise  in  all  four  models  is  zero-mean  white 
(iaussian. 

An  excellent  treatment  of  these  four  cases  is  liven  by  Dilranco  and  Rubinl’l  wherein  the  optimum  receiver  along 
with  its  performance  is  derived  and  plotted  •  Nio-.v'sor  .  mives, 

l  or  partially  correlated  ree<  ivtd  pulsus,  several  papers  have  been  written. 

Swerling  has  developed l*M  a  method  which  is  applicable  to  a  large  family  of  probability  density  functions  and  lor 
fairly  general  correlation  propci  ties  of  the  signal  fluctuations.  Ills  method  yields  the  characteristic  function  of  the 
probability  density  ot  sum  random  variables  delincu  is  Y.  To  obtain  p  (Y)  and  pj  with  flu  ;  technique  requires 
computer  evaluations. 

.,l  .u..arul4i  v.oii»HK.iu  iuv  pautJdv  .orrcht?"'*  case  tor  N  ~  2  and  a  Rayleigh  ampin*  .1-  JuuitJ  fuu.-iion.  v  iv 
be  expected,  his  curves  fall  between  those  of  the  two  extreme*:  zero  correlation  and  complete  correlation. 

In  a  recent  paper  by  Barton!  'I  an  approximate  formula  is  given  ioi  determining  the  signal-to-noise  required  tor 
a  given  detection  pro!-  ibilitv  when  there  are  N  pulses  replevin  mg  n(.  independent  s.gnat  samples.  1  he  method  is 
based  on  a  very  simple  empirical  iclationslup  which  appears  to  interpolate  he  I  ween  complete  conelati-m  and  /ero 
correlation  trom  pub  m  pulse,  t  or  the  examples  tested  ii  is  shown  tint  (hi-  appm  >;h  lenders  niitaikaifly  a. curate 
result1- 


A  - 1 


A  similar  expression  involving  interpolation  methods  is  given  by  Swerlingl^l . 

In  this  append!' ,  the  case  of  M  frequency  diverse  channels  each  containing  N  correlated  pulses  each  with 
Rayleigh  amplitude  density  function  is  evaluated.  An  exact  closed-form  solution  is  derived  for  the  output 
probability  density  function  and  the  detection  probability  for  a  given  false  alarm  probability  and  signal-to-noise 
ratio  when  all  MN  pulses  are  square  law  detected  and  combined  as  shown  in  Figure  A-l.  Each  of  the  MN  pulses  has 
independent  Gaussian  noise,  and  each  group  of  N  pulses  has  an  independent  Gaussian  signal  giving  a  total  of  M 
independent  signals  in  all  MN  pulses. 

DERIVATION  OF  PROBABILITY  DENSITY  FUNCTION 

We  may  start  the  derivation  simply  by  using  the  results  of  DiFranco  and  Rubin.  1^1 
DETERMINING  THE  THRESHOLD  FOR  FALSE  ALARM 

The  output  probability  density  function  for  no  signal  present  may  be  written  from  equation^]  (10.4-17)  with 
MN  representing  the  total  number  of  pulses  and  the  variable  Y  representing  the  “convenient  modified  form”  of 
equation  (10.4-4) 


Y  = 


MN 


i=  1 


p(Y ;  0)  = 


yMN-lc-Y 
(MN'  1)! 


(A-l) 


(A-2) 


From  (A-2)  we  may  write  the  false  alarm  probability  using  1^1  (10.4*18a) 

PF-/  p(Y;  0)  dY  -  J  -g-'^  JY  <A-3> 

Yy  Y(j 

This  integral  has  been  evaluated  by  Pacharcsl^l  for  1  <  MN  <  150  and  false  alarm  probabilities  equal  to  10"m 
where  m'  is  an  integer  ranging  between  1  and  12.  Using  the  Pacharcs  tables,  one  may  obtain  threshold  Y(,  to  four 
decimal  places. 

DETECTION  PROBABILITY 


Next  the  probability  of  detection  is  derived  Wc  may  start  with  the  characteristic  function  of  the  signal  out  of 
the  N  pulse  integrator  which  corresponds  to  the  Swelling  Case  1  given  by  DiFranco  *nd  Rubin  ( - 1  in  (  1 1.2-23)  and 
is  repeated  here. 

,  (-l)N _ _ 

(HNA0")C‘  - L*--  ♦  ){)(-! +it)N'1 

1  1  1*NA02 

whi\.  :\J  is  the  of  target  return  signal. 


MN  Pulse  Combiner 


(A-5) 


When  we  add  M  of  these  outputs  through  the  adder, 

M 

v-  £  v< 

/=  i 

where  Y j  having  amplitude  A j  is  independent  of  Y y,/  f  /',  the  result  is 


_  _ _ (.))MN _ 

Cy«)Ai,A7....Am  (1+NA02)M(.  - ! - +  j^)M(.| +jf)M(N-U 

1  +  NA0“ 


P(Y)=P(Y;1) 

Probability  density  p(Y)  is  obtained  first  by  factoring  (6) 


CYttUi.  A2--  •  •  Am 


(A-6) 


(A-7) 


(•D‘ 


M-l 


(.|)M(Nl) 


+  I 


({  +  na02)m-'( - ! — - {)  +  na02)( - ! - +  jm-i +jS)M<N*n 

•  .  a  1  i  ,  in  * 


1  i  NA 


1  +  NA„ 


Next  wc  use  the  results  oi  l2 1  ( 1 1  2-Jb)  which  allows  us  to  write  the  anti-characteristic  function  of  the  second 
factor  of  (A-7) 


p*  (/) 


|M(N>|  )  -  l|  !(l  ♦  fl)M(N-l) 

where  the  substitution  d  *  -l/(  I  +  NA02)  lias  been  made. 


r—  7  |M(N- 1 ) .  <ji  I )/.  | 


(A-8) 


The  first  factor  in  (A-7)  results  in  (M-l  Mold  integration  over  the  incomplete  gamma  function,  >  |M(N-1 ). 
fij  ♦  i)Z| .  of  (8)  with  the  udditio».il  nniltiplki  (J^‘  *  in  order  to  obtain  p(Y  1 1.  The  probability  density  function 
p(Y)  is  thus  written 


KY) 


jMggV 


,|+d)M(S-l> 


J.  J  .  J  IWv-n-ip  1  ‘ 


(AM) 


This  (M-l)  fold  integral  is  evaluated  by  expanding  the  integrand  I'**!  to  the  form 


Tfn.x)  x2  4  x*  »  xn ■>  r.-x 

(n-l) !  '  J!  (n-l)! 


A -4 


(Aim 


performing  the  integrations,  and  collecting  terms.  The  result  is 


POO  = 


0+(3V 


mn 


(vTTj! 


/  M-2(‘l 

(L 


M.2(-»14/ 

(-l)M  1' 

\/- 0 


(MN-2-/)! 


(MN-M-1)!  (M-l-/)! 


1(1  +  )Y  |  ‘  )  +  le-(  l+d)Y 


l : 


MN-M-1 


i  =  0 


(MN-2-/)!  l(l+fl)Y|M(iA.m 
(MnTi-T-/)!  (M-iV!  “T7 - l} 


The  probability  of  detection 


CjO 


> 

Pn  =  /  p(Y)dY  =  1.  /  p(Y)  dY 

Y'h  /) 


(A- 12) 


can  be  found  in  a  similar  manner  by  performing  the  integration  and  collecting  terms.  1  he  expression  which  results 
can  be  contracted  using  the  incomplete  gamma  functions  expansion  according  to  equation  (A- 10)  to  yield 


t’n  •  I 


iiM- 


(l  +  ill 


MN  I 


M-l 


EdllV  —.iMNOfl!  , 

ji  (MN-M-1 )!  (M  l-/)! 


X 1  +  i.-fi  Yb) 


/  =  () 


*#■ 


MN-M-1 


( 1  » ill/ 


(MN-2/)! 


•rti  +/-Yb> 


(MN-M-1-/ »'  (M-l)! 
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(A-i.n 
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from  which  curves  may  be  constructed  after  choosing  the  appropriate  threshold.  Yh.  lu.m  I'aclwesl7!  tables.  In 
using  Pachates  tables,  the  total  number  of  (Htlsev  m  cnttcqwunts  to  MN 

I  Ik  explosion  in  equation  (A- 1  >)  resembk;  an  cxptessmn  derived  by  lame sl'M  lor  target  detection  hi  muse  when 
the  target  lading  period  ts  levs  than  tlie  post  detection  intcg.atmn  and  greater  than  the  Intcrpnlsc  period.  His 
expression  is  in  terms  of  la, get.  posi-couviatot.  and  none  bandwidth?  and  with  a  degree  of  effort  can  be  related  to 
the  topic  treated  in  tlm  report. 

a>MIUXVHO.V-U  Rl  S(  ITS  AM)  HI  v  KIM;  W1  HI  01111  K  KI  S1T .TS 

bquation  (A-l.t)  is  used  to  compute  tl»c  curses  in  figures  A-2  and  A -A.  these  tiguies  picscnt  me  pt<>KaM>*\  •' 
detection  ver so-  angle  pulse  rrm  slgual  to  itoise  taito  for  diltcren'  sombriutionv  of  corrclited  pulses  pet  Junncl.  N. 
and  mmibci  <  f  diversity  chaimek.  M.  I  ach  figure  siiiwi  a  family  of  curves  loi  a  given  false  alarm  probability  Note 
tlut  these  cu  ves  fall  between  I  Ik  two  extreme  caves,  t  e  when  M  -  1 .  Swelling  fair  I  and  N  «  L  Swelling  Case  II 
as  presented  in  fnl  tativo  and  Rubin.!'  I  Mu*  curves  tor  •  aw  I.  M  «  1  amt  Caw  II.  N  =  1  have  been  repcatesj  hcic  and 
at  expected  (Iky  c-hcck  w  ith  those  ot  t.K  above  icfcieiue  The  .<  t'H  disetvpancy  between  the  curves  prevented  herein 
ami  'those  ol  htltw  and  Kubmis  due  to  the  (3ct  that  we  ate  plotting  pjy  against  the  average  signal -to- mine  ratio 
A.i ‘  *-aiT*ct-  than  jhe  aver  >ge  ol  t}-c  peak  -Ss j,  -  2A.,*  ot  that  reference.  1  he  potnu  on  I  mutes  A-2  ami  A-.»  aie  computed 
uvins.  Hatton  vl  •  |M|vt  Note  rhe  agrcc'incht  .-I  these  (Hunts  with  the  curves  which  were  plotted  using  equation  (  \  t  if 
Regions  ot  departure  skcui  it  high  probabilities , ■( 'detect ton  as  well  a*  low  mobabihlKs. 


\ 


The  computer  programming  ran  into  some  accuracy  difficulties  when  the  number  of  channels  M  was  made  large. 
This  was  due  largely  to  overflows  and  underflows  encountered  in  the  terms  of  equation  (A-13).  A  discussion  on 
this  topic  is  presented  in  Appendix  C  authored  by  E.  Bromley  who  did  ali  the  programming  for  obtaining  the 
numerical  results  reported  herein. 
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APPENDIX  B 


it  can  be  seen  ihat  this  expression  is  found  in  (7-A)  of  the  report. 

In  order  to  determine  the  threshold,  the  false  alarm  probability  must  be  evaluated  using  the  integral 


■  “  erf2  (A.)  .  l  -  erf2  (-1L) 

71  2oo 


For  Pp  =  5  x  10'7  we  have 


PF  =  1  -  erf2  (— ?1)  =  S  x  10'7 
2  °o 


(B-5) 


Pp  =  [1  +  erf  (-•—)]  [1  -erf  (-21))  =5  x  10'7 


2a 


2a, , 


(B-6) 


We  see  that  erf  ( — — )  is  almost  unity  so  (B-6)  reduces  to 
•  o 


ctfc  (-21)  =  2.5  x  !0'7 


“  2o, 


Solving  for  -yl  B]  the  threshold,  we  get 

*  3.65  (2o0)  =  7.30  o0 


(B-7) 


(B-8) 


which  agrees  with  (12- A). 

The  detection  probability  is  obtained  by  evaluating  the  same  integral  in  (B-5)  except  that  the  variance  is 
different. 


P[V 


erf2  (—-)  =  1  •  erf2  (■—■) 

2aj  2oj 


(B-9) 


71 


which  is  of  the  form  corresponding  to  (14- A). 

(b)  This  case  is  simply  the  sum  of  the  square  of  two  statistically  zero  mean  Gaussin  random  variables. 

«2  =  X12  +  X22  (B- 10) 


B-2 


Its  probability  density  functions  derived  &  ntady  texjbooks.  Since  it  is  simple  to  derive  we  will  go  through  the 
basic  steps  here.  We  set  '  - .  - 


®2  =  XS2  T—Z2 
-  0  *  tan' I  .(— ) 


X  j  =  s/^2  c03  ® 

X2=v/^2~  sine# 


giving  a  Jacobian  I J  I  - 


2  V*2 


2\/¥ 


-  y/Tf  Sin  0  V^T 


The  transformation  may  be  written 


=  < pxj, x2 (xi, x2)  =  —  CXP ( — ~) 

i0  "  '  4to2  2o2 


(B  II) 


fR-12) 


The  pdf  of  82  is  then  evaluated 


P82(22)=  f  P82-0(82-°) 60  =  -V  exp(--!i) 

"  '  2o~  2o^ 


(B-13) 


and  is  in  agreement  with  (7-B). 

In  a  manner  similar  to  finding  threshold  and  detection  probability  of  case  (a)  wc  im.y  write 


h  72 


pF  =  I  pg2  (82)  d82  =  -c2a°=e  2°2  =  5  x  10-7  72  =  29o02 


(B-14) 


which  agrees  with  (12-B),  and 


.exp  (..il  )  =*  exp  ( ) 
2oj2  2o]2 


(B-15) 


which  corresponds  to  (14-B). 

(c)  To  start  with  we  may  use  the  results  of  case  b  which  have  just  developed.  The  pdf  for  y2  =  S2  is 
equation  (7-B), 


Pv2 (y2)  =  _L  cxp(-  JL) 


(B-16) 


and  through  a  simple  transformation 


I J  I  •->  M  *  2y 

ay 


we  see  as  expected  that  y  has  a  Rayleigh  distribution 


py(y)  =  i  J I  p  2  (y2)  =4-  e*P  (•-£ ) 
y  a1  2oz 


(B-17 


Now  the  pdf  of 


fi3  =  yj  +  y2 

where  the  y  variables  are  statistically  independent  is  found  through  the  convolution  integral 


OO 

/ 


pfi3  (c3>  =  /  py(y)py  (3 .  y)  dy 

*3. 


/ 


JL  exp  (  •— y_  )  [  -  JL]  exp  ( ■  )  dy 

02  2o2  02  o2  2o2 


=  exp  ( ~—rr ) +  l)exp(-^-)erf(il) 

2q2  2o2  2o  2o2  4o~ 


2o 


(B-18) 


(B-19) 


This  is  an  agreement  with  (7-C). 

The  false  alarm  probability  is  derived  by  integrating  (B-19). 

Pfi3  (c3>  d«3 
73 

The  integration  may  be  simplified  by  a  change  in  variables 


(B-20) 


giving 


OO 

J* 

OO 

OO 

r 

/  2aexp(-2a2)  da +^jt  / 

2a  2esp  (-a2)  erf  (a)  da  •  1  exp  (-s'-)  erf  (a)  da  (B-21) 

w 

1L 

73 

73 

la 

2o 

Jo~ 

The  first  Integral  of  (B-21)  is 


f 


2a  exp(-2a2)  da 


1 


OO 


exp  (-2a2) 


the  second  integral  is 


V5T  J  2a2  exp  (-a2)  erf  (a)  da 


21 

2  a 


and  the  third  is 


Combining  we  have 


=  -n/5T  |  a  exp  (-a2)  erf  (a)  + -2.  |  erf2  (a)  •  -1  |  exp  (-2a2) 

73  21  H 

2  o  2a  2  a 


■  s/~n  ^  a  exp  (-a2)  erf  (a)  da  =  •  JL 


21 

2a 


erf2  (a) 


21 

2o 


PF  « -  V?T  j  a  exp  (-a2)  erf  (a)  •  j  exp  (-2a2) 
73  73 


2  a 


2a 


2a, 


which  is  in  agreement  with  ( 1 1  -C). 


\R  -21  exp  (■  -2l_)erf(~l)  +exp(-  22^) 


4o02  2°o 


2oo2 


(B-22) 


To  find  the  threshold  73  we  set  Pp  equal  to  5  x  10'7  and  note  that  for  the  large  value  of  73  which  satisfies  this 
condition  the  following  approximation  holds: 


a  exp  (-a2)  a  2-  5  x  I  Q'7 

y/H 

Equation  (B-23)  may  be  put  into  logarithmic  form  giving 

a2  *  (a)+ 15.0 

and  through  trial  and  error  we  find  this  relation  to  be  satisfied  when 


(B-23) 


a  ■  21  u  4.0S 


2o„ 


73*8.1  o0 


(8*24) 


whkh  agrees  with  ( 12£). 


B-5 


The  detection  probability  is  simply 


PD  =  VrT-^-  exp  ( — ^—)  erf  (-^i)  +  exp  ( — 2X-) 
2ol  4o,2  2ol 


2  oj2 


(B-25) 


in  agreement  with  (14-C). 

(d)  For  this  receiver  case  the  variable  84  is  the  sum  of  two  independent  variables  y  j2  and  y22  each  having 
probability  density  function  as  that  Tor  82  of  case  (b)  given  in  equation  (B-13). 


Since 


and 


P2i(e2)  =  ~V  exP  (-Hr) 
2o2  2  a2 


84-y|2  +  y22 


Py  j2  (y2)  =  Py,2  (y2)=  P82  ^2>  s  P82  te2) 

for  Si  *  y2  the  probability  density  function  of  84  may  be  derived  from  the  convolution  integral 

C4 («4> “  f  -Vexpf.ii)  -V  exp(-^~l)  d?1 
4  J  2  o2  2o2  2o2  2  o2 


P8a 


1  84 

1  exp  (--£-) 


4o4 


2o2 
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(B-26) 


(B-27) 


(B-28) 


4o^ 


-«xp(.-2L) 


Jo- 


giving  the  sante  expression  as  in  (7-D). 

This  is  recognised  as  a  chi  square  distribution  with  four  degrees  of  freedom  as  should  be  expected. 
Now  the  false  alarm  probability  is 


OO 

/ 

74 


/  V*4>d*4 


OC 
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84  c*p(  •  ■“*“)  d84 


4<j^ 


2o* 


84 

~lexp( 

2o  20 2 


>4 


f  — 

J  2o~  2o2 

»4 


)dfi4 


(B-29) 


B-6 


■(-^+l)e*P(~) 

2a02  2a02 

which  corresponds  to  equation  (1 1-D). 

The  threshold  may  be  evaluated  by  setting 

PF  =  ( -21.  +  l)  eXp  )  =  5  x  10*7 
2o02  2o02 


or  in  logarithmic  form  letting  a 

2o02 


and  solving  for 


a  -  In  (a  +  1)-  In  5  +  7  In  10 
a  =  ln(a+  1)+  14.S 

a  =  17.5 


we  have 

74"  «o02  (BvO) 

which  corresponds  to  equation  ( 1 2-D). 

The  detection  probability  is  obtained  by  tubstitutiRg  into  equation  (B-29)  o  j 2  for  o02  and  the  value  for  74  of 
(B  30)  and  results  in 


PD«(-J±M)exp(.-Ii)  '(Ml) 

2oj2  20|2 

This  corresponds  to  equation  ( 14-D). 
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APPENDIX  C 


COMPUTATIONAL  PROCEDURE  FOR  PROBABILITIES  OF  DETECTION 

by 

Eugene  Bromley 
Sgt,  USAF 


The  expression  for  the  probability  of  detection  is  given  by  equation  (A*!  3) 

'  nt 

n  _  j  gm _  X  s  /  p \i  (n  +  m  •  /'■  I)*  >(/•*•  l.-gV0) 

D"  p(Nm+N-t)  JLd  &  (n  •  I)!  (m  -  /)!  /! 

L  1*0 

n  -  1 

-  E 

ja  0 

where  m  *  M  •  l 
n  *  M(N  •  l) 


0  - 

l*NA0! 

P  -g*  1 

yfk.x)  •  incomplete  gamma  function 

The  evaluation  of  this  function  present)  some  computational  dil Acuities  which  were  not  entirely  resolved  in  the 
time  available.  For  typical  values  of  the  parameters  many  of  the  quantities  (the  factorials,  g™.  or  y(k.  s) )  become 
treater  than  10^®  or  less  than  10’^  and  exceed  the  capacity  of  the  computet.  This  problem  wa*  overcome  very 
simply  by  taking  lojuiUhrm.  However,  for  cases  involving  relatively  !*rfc  m  and  low  S/N  ratio  the  numbers 
comprising  the  summations  become  very  latte  and  opposite  in  sign,  For  example  for  m  *  34  and  N  *  2  the  largest 
terms  are  on  the  order  of  10*®.  Since  tiw  final  answer  U  a  probability,  it  must  J.e  between  0  and  J.  As  such  more 
than  20  place  accuracy  is  required  in  the  terms  of  the  summations,  whereas  single  precision  on  a  computer  offers 
only  8  places.  Also,  much  greater  accuracy  can  be  required  for  other  combinations  of  the  parameters. 

For  the  present  we  have  not  included  results  ovc-  *Se  entire  range  of  interest  of  aU  the  variables.  It  is  expected, 
however,  that  the  expression  could  be  rewritten  or  re-ex  pressed  to  be  compatible  with  the  limitation*  of  the 
computer.  The  following  is  a  listing  of  the  a  uaJ  Fortran  Program  used  to  calculate  the  results. 


J  (nr-  nt-/-  I)! 
(n-}-  ))!  nt! 


7</*  I ,  Y0) 


(('•1 


Cl 


10  COMMON  FAC<400>#H<200)#GAM2C3*200>#IS1G<200> 

20  COMMON  PDT<30>#YO<30#5>#NPR<30*36>#NP<30)#A<20> 

60  READ*  NT 
70  READ*  NC 

80  DO  8  I-1>NCJ8  READ*  CYOCI# J>, J*l *5> 

90  READ*  <NPU>,J»WNC> 

100  DO  13  I«:,NC;NTAlRa2*NP<I> 

110  10  READ*  <NPrt(I,K),K-l ,NPAIR) 

120  DO  55  1*1 >9155  AU  >-2.*I-10. 

130  IS1GC 1 )*1 

140  DO  81  I*2>NTJO*I-U8I  1SIGU  >*M*ISIG<  J> 

150  2  FORMAT  C3X#F12«4*6X* 12«6X>I3#6X.»F7*2j6XjF12*3) 

160  FAC<  1 )  *  0. 

170  FAC  C  2 ) *0 • 

180  DO  80  I»3#NT 
190  0*1-1 

200  80  FAC U > *FAC C 0> ♦ALOG? FLOAT <OJ> 

210  DO  6  Il*UNCJMPAIR*3*NP<  11  » 

220  DO  6  K*2#NPAIR#21K1 *K-I 1M*NPR< I l #KJ )1N*NPR( II *K) JXN*N 
222  PRINT  102»N*MJ  102  FORMAT  <"-  FOR  N  ••SI3#**  AND  M  *‘*,13> 

229  PRINT  1041 PR I  NT  1 03#  <  AU  )#  I  *1 ,9)  JPRINT  1201120  FORMAT  <"0**> 

230  DO  6  0*t#51Y»Y0<Il#0> 

233  104  FORMAT  t*»-  <  S/N  RATIO  <081  >**) 

236  103  FORMAT  <"  Y  ***9F6.8> 

240  M*NPR<  f 1 #K1 >1N**NPRU1  1XN*N 
244  DO  5  M1-U91A2-0* 

246  AQ»10«**< At  Ml >/20*  > 

240  BETA* “l »/< 1 •♦XN*AO*AO> 

250  P«-BETA*Y 

252  MS*M*MCALL  GA(2>M5,P> 

255  Bl«ALOG<*0EfA> 

258  NS*<MM >*<N-t  >1R0A*BETA+1 . 1R 1 -ALOGt ROA > 

260  N6*N*M^N-1 

270  1F<M1.EQ*1>  CALL  GAU#N$#Y> 

272  DO  4  I*UN511A*l-l  «M12«M*21N13*IS1G<N12> 

274  K2  * ALOG  <  FACS  <NS*M*IA)) 

276  H3*(M*1 )*811H4*<N6«1A)*R1 

078  A7*H3*H4#GAM2(U1  >*H2IIF<ABS(A7).GT.  50.1  GOTO  4 

280  A2*A2*N13«EXP(A?>!4  CONTINUE 

READY 


* 


330 

344 

345 
350 
360 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
640 
850 
1000 
1005 
1010 

1039 
1030 

1040 
1050 
1060 
1070 
1060 
1090 
1  100 
1110 
1  130 
1  130 

I  140 
1150 
1  160 

II  70 
1  180 


MS »M+ 1 ; DO  3  1*2  *MS;  IA»I-l 
G2*ALQGCFACl  (NS«M>IA)  ) 

G3»(M-IA>*81 ;Q4«<N6-IA)*R1 

?J*^*??*G*M3<a'U+Q2,IFfASS<A6>«GT.50.>  GOTO  3 
A2*A2+lSIG<M10)*EXPCA6i;  3  CONTINUE 
1F(ABS(A2)«(3Ti  50.)  A2*-50 • 

PD»1 .0-A2 


PDTCMl )»PD15  CONT1NUE1P8INT 
89  FORNAX  <F7.2,1X,9F6.3> 

6  CONTINUE 
STOP; END 

FUNCTION  FACI (NS*M#!A) 

N  •  H  -  JA 


89,Y,(PDT<U8),U8*1,9> 


P  *  1* 


DO  10  I  •  i,N 

10  P  *  P*C NS**  1  ♦!  )/l 

FACI  •  P 

IF(M  «EQ.  IA1FAC1  »  1. 

RETURN 

END 

FUNCTION  FAC2<NS,N,IA> 
N  *  ti 


P  »  1. 

DO  10  I  *  1 «N 

10  P  •  P*(NS-IA-1*|)/I 

FAC 2  «  p 

1F<N  .EG,  0)  FAC8  •  J. 

RETURN 

END 


SUBROUTINE  GAU3,N$,x> 

cSo(X)C(W,'K(888,'<i'W2<a'8(,8) 


NMAX*2 « *XM0 . ; IFCNMAX .3T.30 

inax«ns+nmax;xn» i «s#x 

DO  10  l*l#lrtAXUA-I-l 
10  H(.l  ^A*C“X»FAC<  I  )  IH5*1  *0 
00  80  I • 1 /  NS  I GAN2  C  1 3  #  ;  )  , 

03*1 


NMAX»30 


1FCXN.0T.G3)  GOTO  00 

1 UI  1 1M0-HC  u>  J  QAN-0. 

DO  30  K.JWl 


Ht-HCK)-H8MFCA8SCH1  1.OT.50 
GAft^GAN^EXPCHl  ) 


)  GOTO  30 


GAM3<I3,{ j*AlOQ(QAM)+H8 
30  CONTINUE; GO  TO  80 
80  IFCA8SCHC  ID.GT.50.)  GOTO  88 
K5*H5*-EXPC1JC  I  )  > 


GAM2 ( l 3# 1 > »AEOG( H5 ) 

29  cqntinue;returnjend 


HEADY 


